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Vhifli th@oie is aiviaad in i im Qtmptmso* X Hm 
tho gdnmrai iotro^tioei* Mtne % briof hifftoricaJl iketc^ « 
eoiapariaoa has IxMm ia«a« b«taradti ss^ titlMitie inorganic 
moshrngm'^ ^ ^ tf!t# csoirmticiiial oxganto sr<isii}»« 
uses of -tituiso inorgaaic ioo-osiohangors orot -
^cv No 
i* ^ e gejmifatlors of aotaJL i ^a * T ^ Q ^ V 
i* »«piiration of organic coiip»«K3s# ^ 
3# flio romoipaL ofi air 9a& water - -r 
4. pr^aratiOES o£ ioci eoXoc^a 
tma pr^ratioii oe artifieiQi Isiteoy i^cliitiaa* 
6* praparatioti o£ foei oaiXa* 
7 MAY i m 
©iratliatie iaorgmio ham tmm elae3ifia<3 
es poiytaaaio aoid aaito* hydrotia raatal ferrocyani4a9# 
and hataffopoiyaci^ aaita* Syntimtio ific»rganie i«in<»aiEcd)«n9ara 
ara {Hrodfeiead b? {BisdEig aei^c oxiaas o£ Biotais Itaionging to 
zv« V and vx grotipa of tiia pariodio tal>ia« thev ara mt^xmmlf 
inaolt;&la« fhair ooe^sitioo is E^^atioOhiom^rie and thay 
dsgm^ on tlia eonaitioiis tmdar t^ hieh thaj^  ara peacipitatad* ^la 
bast imam mms^t of thia oiasa iftiidi haa t>aan Imomi for ovar 
htiadrad yaaraii) ia airooniun pltosphata* Boiravar* i t haa toaan 
uaad as an ioct«*aiieHaii9Qr rathar raoatitly(2> • St haa a hi{0 
aaiaoti^tsr for Oat xt haa aXao found potaatiaX appXicationa in 
araaa auch aa hydrogan-oacargfao fuaX eaXXa# dosaXinatiOfi tmd 
artificial kidnay moehiiiat* 
Tha introdlaetioKi thm gives a asscciptioii of isy^ sorom 
oxidao «hloh show «n ai^phot«rie b«h«vioiur attpofiaing itpon th9 
pit of tho oolation* pxoce«9 cam bo hf tlw 
ioltmglm I 
£irKi m^m and Hyirouo ^timimi good mm^lQe of this clmtmU}* 
wmBhlY ptoolpitotoa oatl^ Btnam tiiei 
tmme^ t lmlm pro^ fcuots in ^utlcmCS)* Kijttai 
OKi^ lDS 1^0 piToparoa in i^cf ) a soessnia eotion of 
ct)ar0o thsm ma pmmt eatioti im i»t.ro(lic@a into nm straotiure* 
'Stm positive ciimrg& io balanced tha pgm»mo» of 
anione other than oaeidoa and hydrooii^s* BxoH l^as of sik^ 
eiatariaia ineludo EniOHl^  iihioh Sto^  '' io partiy vaplaead hf 
h l ^ and M(0»>3 containing or ssr^ ^ tho ganarai 
foxnaiaa ^ irtiora M*'*' ia a 
tatravaiant cation and X ia a aooowaant anian. Qiiadrivaiant 
OMitai OKidaa ara aiao ommmlf aaad aa inoriyanie ion^aMehaimara 
ait^ aa siO^f Mj^* ViO *^ ^ 
Znaolubla oiatai fanrocfanidaa too can ba uaad aa inocgaitic 
ioo-aaichangars* Vhay ara aaaily praparad and iMnra higlh ian«» 
aaoehango capacity* fhay ara waii icnoMs aa acavangara for 
allcaii niatala* Hia^ ara uaafvil in tha a^^atian of radioactiva 
waataa and fiasionabia ttateriaiaCd} with Xaaa dsnoga bgr 
radlatiota mm thsir osfwnle ^untesp^ts* md 
tisfigttton imjemcfmXdm& trnvB tmm it«od fov the mpmtmt&on of 
Sf>*90 f i m fittsicm prodtoDto in aeiaio ewditm* a 
tnsnd has been in the etudf of i<xi«eiiehaiigw propertiee 
of femaofaniaes adaostted on eiUoa gelCt} ffeeifi 
ctso reported to hanr® veasttiebiy etefeiUtjr in aeias 
ana a l l i e s end e hi^ Tier eeleotiisri^ for aikeU witeie 
epecialljf Co*! 37 thmi ^ha eiiai^ Jie mXtm* 
mtmropt^V^cM eelts ere aleo of ioto£o»t« ^ iioirides' of 
st^h of^ opomids hevo h&m ^epered* Xii tieterqpolyeoid ealte 
tho pesmit eeiOiS belcvig to the eleee ia-hotetit^^^eoide hevioo 
the forn»ile ssheeo M tm^ be me of the 
eove^ei el^ isiente i^ cJLuaing phosphoiru«# wpsmie cmd eiliooci miA 
t e differeiit elom^t each ee tnoiyiadefnis^  tiisgatect end venttdim. 
BuclwaXd and fhistlesieite f i rst reoognieed that the eddition 
of fore i^ ions into aaeteiiititQ laol^tidophosi^te etrtiotiire auritk^ 
precipitetioe occurred hf e potmtiMy ueefui eetion eoKhenge 
process* SThejr ehoned the sorption of tsttcro q u e n t i t i e s of K*^ * 
end il*^ * h^ mmoaim eooiftsdophoifi^ iete from eeidie nitrete 
Qiedie et roeit tenperetiire. i;iithiiin« eodiuRi« ealei«iii# etxentitin 
eod tMuritim ere oniy e i i ^ t l r eestoed under eiaiiier eonditien. 
OGilbie eeite or niawd eeite of eome of the metel ione 
possess iofi exeheiiQe properties Miimrmt from the sisyie selts* 
SoBietiiiies they Shew sv^ci^itir o ^ r single seits* Vheir thexiMi 
stehiUt^ end eheraicel stebiiitr is ttsueliy higher thsa siapie 
salts* TltMift salte mm mm aoisotiira and haw hi^Mir 
oipmsitim ft« to siBi»l# salts* 
fho i»troamiti<m tl)iet) on to tfhoi^ how a smr sxibstoncs 
can l»0 c^haractocised m ^ ion -^oiichati^ ar in tmis of tha 
msismngQ a^clt?^^ ahmical ana VbomaX stabiiit^t ooisp3siti«»i# 
pi!i»titratim0# ststsstoma stuSiasy anS onal^eal 
meugh thoirci Imvo horn mtstmMag thooratieaJl miMmmmt»0 
tho sta0o ha© not be^ m th© pcopocttoa of 4m- -
Gm ho irm ehoinica^ l aioos* 
la th0 ijff^tmit m attoapt has boon to acdiiinm 
the totimiim 0oaiet 
1* Tq mt0tlQX& ^ c h air© mm and 
ehstalealJLjr atahio* 
3» To synthasiisa Imi'^msiXimgem spocific for certain 
natai ioas* 
9« ve <lstaniiina mlmtlvitf Qmtei<slmt& in tKxi «qEtieiis 
asOia ana wS^mA soi^^ts. 
4. fo appXy tha ssparatioas of niatai iona to saoipiaa 
of ali<»ya« 
S* dswic^ cr^stalliim ion-anehartgers* 
With l ^ s s goals in viaw* ^ a psasant woslc nas w^kartalian 
to synthasisa dlffavant hataffopoliranioas hasaa on tiaCXV) 
such as stannic aalanophosv^ta* stannic salanoarsaoata ana 
staimiG f^anotiangatata and to stua^ r thair propaxtias* Aoslyticai 
applications of thasa ion ^KShangars haire haan mxptorM hf 
achiaving a MSSIMIR of qiuntitatiira saparations on thair COIIMMIS. 
Chapter ZI deals t»iti) the cm^pamtVm staAg m th« aynthMi* 
and properties of tin(zv) eelte of different hetero-* 
poi^nione end ttie e^peretione of caetal ione OQ tiaiXV) boreto* 
nol^bdate coXvsmm* worfc tiae undert l^uR} beoatuie earlier 
s«adiQ0 csh<m that misied mltm xmmll^ onliibit hi^ier iOMocehaoge 
cd^citiea oDd hattm chmioal and thdcmai stabilities aa oon^pared 
to nimpXm salts* 
ik literaturo misv&st Qh&m that a asst^ bor of tinfzv) salts 
C9#10«ll) ha^ atxidiea as tsut no systematic 
cofs^&xrlma has ^ m ntodo on the ion-^ mchang© prq^ertiea of these 
istatoirials* 
^ ii5teroartinf featsir® etaergod nhsas tinlXV} boratostilfate 
was CK36tpared tin CSV) salfato* tho latter has a 
negligible ion aotch^ga ca£>acit^ C0*17 imq/g} as to 
tinav> boratesui£ate (O.SS mm/MU Zn ^ e case of tinCZV) 
horatonol^ rtsdate the eeeh^ge capdcit:r beoones alnest two ti»es 
as h i ^ as the ion eKChange eapaoity of single salts# namely 
tin (XV} aiolybda^ end tinCzvl borate prepared wider the seme 
conditions* vtie order of ion eatehange eapaeil^ (for K^ ions) 
for tiniTf) salts of different heteropolyenions i s as folloirst 
tin(XV) boratotangstate ( m ^ ) > tXnUV) boratonolybdate 
> nn(XV) beratophoi^te (fs^^) > na(XV) arse* 
natoborate (f8Aj,i > tin (XV) bovatostilfate 
Of al l the msobers of the series tin (XV) boratonolybdate shows 
th« tiigriast c^ofaleai and M^urmaX attfeilltf mA wtm ttMiratov* 
ehosoo for a attailod atu^* 
Tha 0orpti<xi stodUlas <m tinCzv) boratonolylsdat^ £or 4iff«Mcit 
ntetal iona aungoat fjumir iiqportant ac^ratiaQti* As « remilt tan 
Moory d^ratioas of anai^rticai and is^ayatriai ingpcnrtanea h&ina 
1mm mtnlLm^ raeeaiidiaJ^if m mmtl of tin(Xirl ijoeato* 
i»o3lfl»3«ito« ioparcitiesp of ico^ firont ma^r Da atiligioa in 
wmmrsA of ieofi Iispiidi^ tiaa from ^ ^ 
Bomitd (ciigffas^) or«»« 
tl^ iohoimsit of mmtjE^ hmm tjfnf^tie imsgmlo 
Im trnsmm^t is that t l w ^ o pomrif c^raotariead tiavo 
tm aifie^n^ p£0|>arties* ASsirotiam Clearfiold 
his aeiiool hava tsmm stadirin^ tra^oua analytical and 
aapaeta of variooa ph^aa of siteonium ptiosphate. fiaeantly in 
tMO vxeaii^t ha haa coaparad peopartiaa 
amOK i^oae cryataiiina emepXmo of sixoanitMt phoapbata* Meat 
of the ion*e3G^iaD^o asnthoaisad in our laSsoff^torioa hava beao 
mmcpfyom in natura* Raoogaiaing th® oaod to devaiop oryatallino 
ion awc^ iafiattra othar u^toi aixoooitm phoaphata* c^umahi and 
Kam^k prapttrod a orfataiiina a a ^ a of otannio vaaadopttoa** 
plMtaa4)« 
ctiaptor XXZ daaia «dth tHa aynthaaia of cryatailiiia ataiuiio 
aaianopiioapliata and m3»ml<sam% mpm^tim and dfi^mdiMtiefi of 
elironitaa^ niokai and iron in aupar aliaya. Tho eonditiafi of 
82ratl)O0ift of •tannic ••l«ii<i»9iiosphat« and its profMirtias wtm 
•uBiaarisoa in Thm atabia than tho 
piroauo^ x<epo]:to<t <iarli«r(l,S> • iih«n tha aw^a cafiuaiad 
in m pbo&pbt^ia acid # Sit aaianiotio acid ( i t i l « a aaHdar^ataiiina 
product i0 oamal? R3, Ott miXvming ^^ ^ aaianioua 
aeid a Qinratailino ptoOmt i s o^toinad* basia of thaaa 
coneloaiona ia tho intarpmtation of pattama of varioua 
aaia^iea* figora i &tmm tha Si^ rajf apaetra of tho aiBor^ma aaii^ia 
Pg and tti© tsm^m R t^ 
Dipoiajr aprotio mlvmts iileo dimai^Fistilfoaeida (GMSO) and 
dii3@th?ifomasiiid0 im^) havB ^ pirofoond c^aotosiatic a f l ^ t on 
ti^ ada^ti<m of mt&l iona on atannio tChaiff 
aifaot ia worn pcmmsam^ cm the adaospition of ^afSMi tiaa a 
vary high Kd traiua in and tmtMtm^ siiacturaa i ^ l a i t 
haa a nagiigilsia vaiua in nitric aoid aione* fisia affaet can ba 
appiiad for tha aaparation of from msaaroua tmtal iena 
iitiiiaing tha foiatad aoivaet afataota givan aiiaoira* osinf di f fa -
rantiai adaarptian batuwiaart the aaparation of Ri®^ and 
haa baaa earriad out 00 tvo ia^ortant aopar ailoya tmrnly 
and siieoinn>»too« 
fha XV chaptar daaia with mam ati>di«i on atannio 
aaianoaraanata and ^ aaparatian of ttraniiiia fron mimaroue 
natal iana* 8tanni« aaiaaaaraaaata waa ajn^eaiaad by adding 
0,99k aodiwB aaiaaita and 0*09il aadium araanata to 
s 
solution of «t«imio chloric in the v^vtm n t i o of Itltl, mt 
pa <» U 
An io^tortant sod xumtoX intomMm awriirod io thl» 
chapter is that the drying tao^^ature hae no affaet on the 
natnro of tha tu i^aotra of atannic aal^noaraanata ttpto m 
tm^&tmrQ o£ On tha basis M i^ )«Rkicai oci^poaition^ 
pB titrationt tharcao^avinatrio ana za atudiaa* the following 
fonmla ma^  ba pe^^oao/^t for atannie mXmmsammt&% 
Matribntion ooofiicientQ for nwssoroua motal ions in 
so r^oirai &QlvmtB mm dataminaa* Kd valuao in ^ la ra l as© loetar 
in 0«0iH HQl as ccc t^arod to those <3ato£mina(l in OtOlH fMO^iie) • 
This of£eot ia finite i>romine»it in the ease of mxm earth laetala* 
On con^aring xa valaea of i^ra oarl^ laetaia in p i^ra water md 
aioscsne-vater i^ iscdd wi^ 6tmm» one oan conclude that Kd •aluev 
mm aignifieantljf di^reaaed in the milled aolventa* A eo^pamiaoii 
of Kd valuea in pure nator aod aq^ ieoiaa solution of oitrio aoid 
reveala ^ a t Kd values for alkaline earth metale and raxti earth 
uMitala are generally higher in citric acid ayataAa* Kowaver* 
for transition metala Kd values are found to be higher in pore 
water* zt is alao ebaerved that vith the inoreaae in oitrie 
aoid ooncentratioo Kd valuea inereaae in general. Xt ia interest* 
ing to Obsertre the edseci^tion beha:viour of metal ions in 0*01M 
citric «eid and 0«01H omnooium oitrttt« tim pxmamce of 
aDfflioiiiiitjm citrat® i » ttm tsr^twi incrttttsos thi» Kd v%Xum» of th« 
mmtBl ioo» with oxcdption of Ca^ "^  and whieh 
ahoir the m(99r9& nemame$ iii^ tale© of iiairth 
rofsisina uneffoctod* 
®he otiiity of tn® mmtmx-M hm tmm daaaaetiwitod by 
ac^oving m nm&mr of binar^t t«a»iairsf and qiiattt^ tiiurr sapamticms 
of somtt is^rtant o^ t^al io«a# stmml& sei^to^raaiiato aliowi 
03fe@pti0!%ai iMhavioiir toirasds m^ im* wmmmH aaiactivity 
for m^* i<m can lab m&fymt&QmimXTt iitilisMid for its «olactive 
ac^^aratiod from a iargt isuz^r of raotai ions* the i^ iniaiua amoofit 
of tio|'*'i<»i that cm tm mc&mm^ from atazmie aoloooaraonato 
coitimo yfm found to bo aoo fig* fha apoimt of oraniw in many 
oraniw) containing oras varioa froo 0*002 0*013 % nith 
an avarago of 0«00S %m IMa Xm amoitnt of wtmaivm psowmt in 
thair oraa can ba datarsiinad using atannie aaiafMsarsanata eoitaaina. 
Tha aaparatiOR of araniiaB from aiuninitam and niOkai can be uaad 
for tlia datasMination of iiranit» in nueioar fiial oiior* ie* 
mmmplm uranii]HMil.WMiniiiiti aiio^ uranivai-atainiaaa atael 
aiioyt* 
Chaptar V raporta tha aynthaaiSf propartiaa and anaiytical 
a^piioationa of anothar cryatailina ioo«aaiahan9ar» nanaiy atannio 
aolonotangatato* *ha nijcin^ ratio of tha raaganta in tha 
pra^ratioo of atanaie aaianotongatata ia found to affact M 
19 
Im-mmhmge capacitor to mxm «»xt«iit« Bmtxmm 0*2 pn th« eo^eify 
su^i^a aliBOst co»«t«itt «bout 6.85 mm/q iMt to 0»77 
w&q/g ^Arni th® easaplo id st pK « 3* 
h 99m&l® of •t^nio solenotiaiigstat* vas ebt«in4Kl 
bF mla&lng 0«05H aoltxtlon^ of «tanfiia chloride^ •odiim »el.«nit« «nd 
aoaitm ttm^stftto in ratio of 4tlt3. at iHibO* fh@ d vAiuos of 
tlii9 ccystaiiiisfii aaiopXe givan ia ta|}i<i 2# tlm«ifor«# 
this wm clioit«»i for atttttiiea stuaiea* A cocg^rison of 
ctieraicai s t^ i l i t? df tin (IV) bimod ion meztma s^m ghama that 
staiinio mlmotxmgs^t® ie mm than mZtB, atmmlc 
mlmitm m<S atasioic tongatatd* and tha oraar of ita chniicai 
stability aa aamparc^ a to othar doiibia aaita ia aa folioirat 
dtwo&ic B9HmQtmgat»tm > ati^mie ttmgato-
araaaata(9) > otmaie moiybdoarammtatW 
atanaio aaiaaotimgatata haa an i^pprmeiM^ ian-awstiwfiga 
capacity avail at nhila atanaia tuagatata alaioat CGo^lataiir 
iosaa ita cai^eity a% a dryiag teei^arattire of lOO^C* 
Ttia icd vaiiiaa <latas»i»ad ia pace^orie acid nadiia atioir that 
tha bahaviour of Ba ia qiiita aiffarant fron ethar a&kaiiaa 
aavth laataia and tharafora i t can ba aalaetivaiy amparatmd Mxm 
a Aixtiura of thaaa matai iona on atannie aalaaotungatata* INhi 
isipovtant quantitativa a^^aticoa hava baan acMavad. 
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Z MQ/aXm XlUm to 4ais»r««9 ogr aMp mhwi of gMtltud* 
to fkmtm sfalBif irtiomi 9itld«»o« nock 
tms eaKTiodi out* X wotald «il80 Ulc* to tliank him far tii« 
iniraiutbl,® at mmsf &t9g» of tl»i« His 
contimsoa Icindooas* eonsiaaratlocit mMcm and c r i t i e i m 
the vexf iiiiea,au» o$ thatia* 
I m h i ^ y indiil»t@a to rrofaaaor if* Ratvnat} for 
pcovidisig mmmBeSh faoiUttaa* 
X thai^ Puahtein m Qasroahi and |}r« Eafaqtat a .K . 
aao« lor aooior coliaa^uest for M p f o l Asggaatloaa. 
X also tlianle aof eoXX^guea and frianaa for ttieir 
CQc^ stant maexmmtietttmt* 
t m thanitfiil to i^* mmi&oA Alam m^ im tHa t ^ n g 
of Biaiiuaeript* 
X am gratafttl to tHa couaoil of seiantifio ana 
XnaitatriaX siaaaaf«ti# nm i>aiiii# for finwiciaX aaaiatiuiea. 
Mama 0 sia MMfl^ oo axooxox 
coHimfs 
{list of WMiemUasm 
Stist of ••« 
s«i«t «c ri^tunni #*» 
i 
i i 
ctMpter tt h cQMrMurm smn m 'sm s^nmisszs 
tm zm sxeit^i BmmtGm or fx^cxv) 
mam m mftmm^t mifmQpmMfmmBt 
Buwmmims msm tmn m tinun 
wmkTmcmmms cmamm so 
Chapter xzs mmmsx& m mMmc 
mumovmBPtUit«%BMPm»in<m mm 
mmmmaim m cavioifsiiH* ^cio^. 
Bm mm xn mipm imaxs* m 
ctmpim sv mmm m atsmxc ssMBOARSsw^fsi 
mpMmzm or Qamm mm mm^osis 
iOSTAti ZOQS. u o 
Chai^ tiir V smspMimoi* ^opsBfxis mm mh^ tnmciM. himncimmB or CRWSMiX^nB 
&ftmzc BMitmmmatmM 3.43 
3. A eoiMCttUvo sttt^ on tho Sfnthesi* ttad X0fi««Mehaf9« 
B^iv^our oC TiniSV) t$mltm of I>if£oroo« itatMro-* 
poiyaaioiis* Separatioa of mtol tma on tiniVfl 
noxmtamliMmtm c&Xmmft Boll* clMm» Soc* 
3942«3@48 U^da) • 
2 ituditts fit! itttimio s«l«io«r«»fi«to 22« Q^p^^tim 
of triTttniaa fjcm MuaMu^v ttvtal. ioti*. ®<3i* 
fmstmoU^ HCISU U m ^ S K 
3 mio-iayeir chroRMitogira i^io attpurations ^ 
OKI QtmmiQ aiffoi!iato@»«« 
4 of CrsTOtailicHi stannie 
S^aratiOfi and s^tonsiiiAtioa of Chraiiuiii^  ^ekoi and 
tcm in Sttpei: Mio^a* S ^ * Soi* o^clmol.CCOEsniii&lcatod) • 
5 ?««iparatiaaf Pcc^ Husidea ana Afuaytical ^ i i e a t i ^ i a of 
Ccirata&lifia staonic Salfo^itungatato^ still* Cfmm* 
®oo# Jp«# (Comaimieate^/^ 
ii 
tixsf m mmm 
I, s^ rntiMHil* mA mmm pxopmrtioo of aynthttie 
inocftnlo ioii»»«iioiMHi9«ni* 7 
2 vmttimg o£ ftOMi dMst.* Mlt» prwpmd 
•ariier* 21 
B ^ B3fntim9l0 audi mipaxtim of tia(ZV> iMcato*-
pb&gptmtm • S3 
dsr»tliesi0 itr^ prc^srties of tin CSV) tsornto* 
maim^ (TM)* B$ 
spitheaift aad of t^CXV) tammm^ 
tc^ixmm ( fmi« S4 
a«0 s^nthosls oaai M tiaiW iDOeatto* 
t ^ s t a t a IfBVi # 33 
Syn^sin and piropertiea of tin(tv) borate 
raolybdAtft • m 
4 icm M^anga esipmit^ imaq/<!agf g) of d i f f a r^ t 
tAa(xir) baaad ion asamangAra for varioua 
«HltiC8l»* St 
9 Iffaet of aiffing teMpairat»fa on tha ion 
mtehmMf eapmsit^ t (mmi/^ g Cor fQ« 
tsnCivf basaa ioa mahmgtum* 60 
6 ebmaia^ X a t M U t f of a w l a Wi^* 
7 oiatritouUoo eoaffieiaiita (al/v) of matal 
e Ma«ni9ution eoaffioiatita (mi/g) of iMtal 
iaaa on tin ( IV) b&ratoiioIslwSata (SSHt) i n 
0*0®8M mOg at MiMmemt mt^atsamg* 73 
9 Sya^Mwia and prei»artiaa of ataonie »ilaiio» 
phoaphata. Q9 
t i i 
m tm mKB^mm ipMl staimie 
mlwRG^imfsimm witli MiMfmt ••tsl iocs* 
IS ± m 
i i Cem&taAmm of t!i« ehwaiail^ ffttibiUtgr oi 
wmfiwm Bmi^m of •tiiimio ms^mmsitmm^^* 
1.3 i i f « e t of ^Ue^ng tms^mfmn m t ^ i<3ti 
mie^mm ct^pmal^ €if Mtimpmt mtmei&l** 95 
IS x»mf of atamii^ 
B^i * id 
14 iilstviMtlon mmiUegmrn im: 0mm c&Umm m 
in ^Sm^l eommsi^ 
tmA mimSk mgatimm* lOQ 
CC^ fflkCiCEEl'l^  for SIWS CSl'tiU^ S GSi 
and iBis^ msUvmt etitstmm^ IQl 
B&p&ffntimB g£ ta^tal imn on tte 
i^ ltttdfli of starmio I.0S 
It ioiMiTfttiofi of tiJU0tol. m^ ttm in 
ft im^io of mpme m 
tXniTf} m^mite^^wii^tm m%mmm 
18 mpmMoa of els£«xalum# nidlEOl Asm in 
m s i ^ o of mp»K ollosr 
tin (XV) l^ gg 
if is tha aottcia&natim of f ® ^ cinccwtHioo) • %m 
m simeanoi^Ii^ Ia tho Afttwcnlniitioo of 
m^ ummmMmi« jtot 
Si if foot Qi asfing tm^mtase m t!i« S,m 
OXQlltSlQO 
otpaoitf 9 r*" iono) of Olffmr^ t liatorioiii* l.a« 32 Distsi^ tioe «s>offic^ oiBts of Mtiil. ion* 
00 otannie ooloooorMoato ot rooM 
tta^ratuso* 137 
33 soporotioii* of aMit«a iono 00 otanaio 
iiottmoftto ooliiMi« ftt cooft ti^poratuso* 129 
24 Mtd ion «]BQhaa9« « f 
tiisCXV) MJl«icHEiinig»t«««* 
SS of iifi t ^ ^ iOEi fiMiuta^e 
px&p9xtl9» Of •ta^HOc 
ae Xoo oneiMtngo ci^ NUSity of vexlmB 
ton «fNehaag* m^uiriai vith <Ul££«rent notaJt 
i o o i at 3S t W 
27 ChflBdoal 9ttikAlity of iKiais tliilZV) totstd 
Im ONClMHig«vi»9 
Sffoc^ of oo the Son 
OJt^liaiigO capacity. 1$2 
89 X'^ mg dftta of tinUV) •oi^notengstato (d i^ lo smi^}« ass 
^ Platrilautioo ooofiieionto mtiil 
m fttannio doiofiotuufstata ^ssw.^  $M 
poirohlorio ^ ES8 
bisY m fxeiRiBs 
X pH tXtxmtlm ciirv* of tiii(ZV) t)or«iM»« 
3 Znfr^sttd npiMStra fioCH?) bc»rats# 
beratenolybdUito ai^ i>9t«0aitn 
tet««bor«ttt %t » 64 
3 XnfraXiia spwetra of tin(Xiry t)oratflplx»i^«ite 
4tri«d 0,% a&ff«r«at ticapocatuaui* 63 
4 tniimxm msMctra of Mratosulfate 
5 Xofcvrod wgmtm of ars«aated!>Qr«ito 
at o&fiamst toi^posatasos* 6? 
$ Xofrarod tpmstra of tiolSVI boratoraol^dAte 
ariad at aiffarwit 63 
s»lot of log iUI twoptrataxa. 7B 
8-A fiaparatiooa Hfl^^-Cu®*, ta^ -o i ' ^ and ?« 
W AaparaUona of 
and Ca^'^-aa*^* 76 
a-c SaparaUoaa of Sr®*-**^^ and 
f pH titration eitfva of atamiio aalanoptioapliata 99 
1,6 Vhajraiogran of atanaic aaianophoa^ata in n* focw* 94 
IFi 
11 intKmA apmttrm « f atAiinio MltsidphOMpiMttt 
(in M^  font)* f<l 
13 dlffntetlon ptmmn of vttnsile 
1$ ii!iff«iNia of mtmtA/o mlmmxwmsttm 
varied aittwemt t«aip«ir«tiir«ui« laa 
14 of sttnnio aolenosKsooato in 
ft'*' fo«8. 183 
13 pa titrtttioR ctirvo of wtmmie iMklooooraMiato. ia$ 
t ^ ^ soparation of 131 
le-^ Ci QwpQXQUm of 132 
16-c m&mkUm of 13S 
16h» SomratiOR® of «aa 
134 
sop«r«tioii9 Of ai^^-an^**^!^ and 
13$ 
16»f Soywrfttioo* of ma 
136 
M-o Bf^mUmB of miA 
1st 
17 fiiomogirflii of •taimic ooloiiotiiiigstato in 
H^ iOMI» ISl 
18 pa tltntion mupm of ttMnie soioiiotiiiisrstato* 1S3 
wit 
X9 Xaf rfuped sp^etrA oi •t«niii« ••Imio* 
timgAtftto dci4id « t tfiff«r«iit seeperatoEwss tS4 
a&fiiTBottaii sarttwrn ui mmrntc 
tiiagstatft* iSI^  





ton «»e}Miig« btitioftlly % ptx^M oi mtmm oeennriiis 
^rouglMiiit tho ieoiB mmi imiom thm Smm &i hmm 
attrijtisfttion* A& ii m MitUng ^iimtn to naturo th» 
Murlittst 8i«ati«ii of ia in th« Koif BihtMU» 
Ari«to«l.ii(a} th»t tho m imtoir p«rt of th* yttit 
content imsn tiitdfod tiimi^h e»irtftin t ^ a of aoil* Slio ioci 
Wf^ htttif^  of ifood o«liutoa« ii% tlio fiirst o«ui« iiImri 
tho bittor wster ooovortod into arinkabio w«tor th«t of 
•ilicatoa i » thm emom^ easo* mi^t tmpm plsyod ti^ ffolo for 
th« ispr0(r«iaeat of tli& taato of i»tt«r* flio i^oorotioil, 
dovoi^pM^ts moA fifuur Mpoet* imm henmmt «3i;ploit«d 
OMitiurios iMtms* 
"Mmj ion oiiehAiiQO pmmSm^ mmf fiolds of hwMn octiirity 
md i t* mmt mq^mAlng iu«s briog man oioaor to his drotMui of. 
comfort OA* nitinatoiy his titopi«» R«r«iy « iNurtieia«r 
mxmm of ooioneo mm ao apootaouiar and ao pbanemenai a 
groiftli «a ion «iielian9o» 
Hiatorioaily wp^Mng^ ion ojiehanga waa not i^eocpiaod 
t i l l tho aiidiio of oi^itoanth contiivr* wtMii two papara by tiro 
6ittmrmt iutvMtigatora tfoxfelog iiia^«Ba«itIy wtm p^H^imOk 
ironiciliy in the Mm Immrn of th* mmm jwunua* 80 
fbmarnm mA if«y(4l in ItSO* M fowdfttion of Im^ 
mteShmgm by ba«# eioehaiigs in th* Th<iy thftt 
cmlcitm niMmitiiiiia icxi* of e«rt«iii tarp*s of soil 
hm oasetumgtia for pottatiutt «iid mmm i^m ioo«* t»«toir KK^mhhIS) 
•howod t^t the ion «SKdi«ttfii of toUa* ori^o fcm 
ftooiitoi* f i rst •ytitihMtio AitimitiiuA imiodi ion «xch«i}gor 
mB ma/^ T&s^ fittctM miK^orCi) in 1993* So fioid of 
ifiaui8tri«JL tootmieal «^Iioatioii» of ion 
oi^asigortf tt)o iptioo i^ritig «osle* Ttm fiir«t 
indiistriftl proauet for tscliiiie«i parpooo* 
mo&Xwet possmtito ifhicti utm prodaeoa by fiMiag o laiJitiiiro of 
oi«y minoral* audi alleiftiioii* Voiin mud Boll. (8) isaao ^ f irst 
applioitioii of syatiMtie soolito for the eoiiootion and 
•ogpftratiOA of mmoaim txm uriiio* Thus tho oarly ion* 
mmtmngt* woro iarfoly iaorgonio in nmtxiro. 
Ai«i oiiA iiolaui(t) dioeovoroa in i f IS thot cmmfmA phono* 
rooofds oidiil^it ioo «H«li«ng« i^co^ortio*. ftiio ioA tho 
invootigotoro to dovoiop ofnthotio ioii«>«iK9MimfO rooino* 
thooo rooino twro doirolopod and inprovod fey tho foaenor 
X*<i»rarbaft iodtiatrio in <Sa<nimy# and aftar Morid Ward Xt 
ohiafiy by eanpaniaa in tito imitad Statas and lagland. liaariy 
aii Cttrraot iodtiatrial and ial»oratory avipiioatiooa of 
ion->«3ie)ian9a ara baaad 00 thaaa roaina* ht ttia aa»a tiiia« 
tim tyntlMvis ef OKfanic mains wmOm i t pMsibl* t^ wmxf tSm 
pyofMirtiMi of ion<»«aieli«it9ttr« in * •yst«n«ti<s lianfittr* h 
fMTt Of our kiioiflLiid9« is te to tiMi i«ttiir fsfst* 
Byntbmtle eta im 
and miipliQiiie with « r 
otimr miairtiy^s in th« pcttMmot of or imm ait«iy»t 
or liy polyantri^tion of styams nt^ diviayi hmmsm* 
tt is iaposctmt to nisttt tUat ttio proiSbct shoiiia bs of 
tsnifom miitytt Wm inr^^ation sliotiia Iw atsai iiiMtsxr 
iaenticai €^aition» an^ 4li>9r<»o of ftmnSmmUm sfioaid bo 
i<tetic«i« Th© ia»gip«o of oeosiiit^ag of tlis pcoduet o«ii be 
contct^loi to sens oactsnt £qr choo^g p m ^ baso mstssisis* 
A emmm aissAvsntsgo of emOmmtAm ^rpo of ioti»«ie:di«iigio 
rssins is tiist thsy slso contsiii i^snolie hyt^ bpoatri groups 
bssidss ths strsofXy soidict irsskly soi^c or wonkiy bssio 
OVOOpS* 
flis foiyMrisfttion typs 9«o*i«ts mtm suporior to 
imAsnsstisa typo isn OMsHosgo rosins* flio poiynsriMtiOH 
^Ifps prodoosts srs siors usiioss ond tiioir pco#aetioii is wuBk 
mmem oootroiiOiao* flio f i rst p0iy»sritftti0A typo of ion 
•iiehsaisr iios produeoA by o*AisUoClO) in itMS oaA tho f i rst 
ion ostehsngs mtofcr^ mos voro pffodoesat by N^tds snd HcRssCU)« 
Ovganie m^m Mxth hem h%m mwA tog % lan0 t i » « for 
lQn<Muien«!i9« coXma etammtoggm]^ (tmsc} havo hi«h iMMhaaiCHil 
i M «h«ttlc»a Hmmtmet tbmt ^ mt 
€kmmt9A iMipoxmtQir** «aa[ mOm tit* pcmmmncm of •trcmg 
r«dli«ticNt}»* Xt t o thMA r»«if<m» t l i « « « tnui Inmhi • 
tml^mA intoTftst in iii«P9«iiie ion «iKmttii8«r» In v«c«ftt 
« • om mmiiseted bf iooitHfig £iiai«tiQn« 4iii<l 
to ttm st^oetura ot timmi 
Imm^Xiie ia» imc i^afig r^a tarn •tif f # ^MUir«f<ftr<i« tiMty weam 
si^detivtt and itiitaii»li> tn^pttrjitioo* o£ loot <m th« 
oi tM^r «IiS#« eHm tm ionic mr 
{»9li««mlar oiwvtts* w^tmamx^* th* syntl^is of such ion* 
oaiehtngesa in^liNis pmoatir0»« 
iCr«itii « t ni6gm mmUotm3L haisomtjm 
una c«fi» m9ihXmt%{Utis> it) ths Kin^aciii mm 
miMlmt iMwk on thmm mmtmtinX^  at the initial •t^gvff* The 
work upto i f iS has Immii msmmximd lof io his 
eXsssiesi bosk *XmNrf«iiie i m Baeo^ MkiHjStrs*** Vhs i « t « r woik 
tt^ 1979 ham h—a la^ ^memc mA vs^yCl?) « 
Cl««irfi«l«ca.t«i»}f Alb(«rti<a9«ai> «nA tfaton(2at3it24«aS} 
hsvs « l s « wsfflcsa on Oifisreiit sspsets oi synthotio if^cgsaio 
isii«0iichsfi9«rst Sn XndiSt Ovuroshi sad eo-woftdwrs h«ve 
ps^srod « isrgo nusdsor of such inorgsBio mttorisis ana stuAiod 
^uiiff iooHHfehsiifO bshtvioiur daring tho last iiftoon yosifs* 
Othsr groups whieh sro ongsgsd in this f is ld of rososcoh and 
vmfk i « m aiOAiiidtiit intmrnm mem oi Anil K, tm mt 
iriMi INir iiapciirtmnt mm9 t>MMi iofiMfM^Mmgwira 
I* flio <!i£ i»eti4 
fH® Of 
I* ^ icaao^al wits0r poUtita^tHn 
4# pmpm&tlm of 
$« ^ ^ ps-^ siHimtim 0£ mtiiiGiM kl^ tBms^  mmMmm* 
$» px^piratiofi of inil 
mm immMic i m 
mmi3mg&m m» HMy mtalMiamd* mm m^m m 
mmhmg^ in j ^ f U o a l d ^ t i C f fee fms at It tmUvuSm 
tJtm sifiiifiamt MtmsmU **flMi in ^ laitt 
t ^ fttar* in tli» mem of l^ grMa 
toanf miff fftfttiiwili i « «laK»«t mmUt t3ns»« 
t^i^bi^e mir tm oii i»« i f i « l in 
Im M^flimlc maa Mm* 
at ftyarm •iciM* 
9* ii«t«i 
4* H^tmraiti^fiieit MULIUI* 
xnoKgaaie ion tueliafigMm tiMi f lx « t mm 
lir aixiiMl tti* aeiaie «f !»iit«iff 
Pit r mAVt grsosit oi tn* pMriotfie tiii»i«» Tlmy mm 
mn*xmmXt iii»i»itdbS.«* iriMiiY eoapogitiim is 
«nd on ttm cofiaitions nti^r ifliieli th^ gf <tr* 
fht MtMRiftl* Mtileii htem f « r 1mm fntSm&i—A inehtOm 
•r««it«t»»# tuagatftt^** antinoiiMt* 
tnd teliuraKtw of «iKieoiiiti»# 
thosiiK^ tint ismeixm temt trnttHvm* ftta* 
I mi^ a mmmxim tii* t^msmllm^em peljrtMisio mlA 
••It* pO0S4Mt«iag pKOpwctimm* siseoiiiwi fhoiiiiiuits 
the meftm^im^kf Mto^iKi i&Of^meamigm ^ eatagtMr^ f. 
t% tifts tmm imoim Mem mm n tme^ki^ tmtamiZ^U tout ita vm 
m m ImrnmeMmngm is mnmx in&msit mi^^tilt. xt is 
hightf mAmtlvm for eeclt»t# mse memtty i t lui« fomiA 
potential aiqplicMitim ia mmf 
ooKsrw i ^ i ettii* 4««iilifMiti«u ana artlfieini Mdaasf aaeaiinod* 
fhn liyaimM 0Xia»« aisc^ tmm wm%l «8t«3^iiAMid 
mtm9l9lB for ien^wieliaiiga yuK^ cMNM* VxmBhUf praeipitatad 
trivaiant netai aMidaa ata attaetiva in thia «aapact» 9m 
lifAraita ian ic aiiida mnd farrie liydvoicida vaadiXr 
alkaiifia aariAt aatiana to tlia law at Maaa 
aatianCSiK •thar Hivalaat aatiana(29) baing atfaacM glMsva 
IM So M s pffaaaaa# tha aHiaii laatais and aUcaiina aarttia 
ava adaocM aa tha aartaoa and ara caadiiy aiutaA trhiia MO«a 
highly chaffad eati&nsCa(sn)# y ( i i i ) , Pmdiih ru(iv) are 
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mH^B stteh •• hyaroo* aluRdiia imf mSmxfb AithAr cfttion* or 
«iii«n« i^ pQii of ttio dolntlof) «ik4 thit lifts iMm 
««oiribti<l to tuo foUowing • 
^ifto mi^ allows mBX^t&sei^ me^mtgm prastofftlosCsa)« 
froshlir pff^p^tatoa magno^tia oiciao s^tmm tho semRifing 
pwpta^m tmmx^ tisiiion itroaoots in 
Hiieod OKiaos bo in nhieSi oocHxitd cations of 
tiighor chiiro t im ^ p$ktmt o s t i ^ i s iotaeodhtcofl into ttio 
stimotisfot llio iromiiting fiot positive etmem b0i09 Misnc^ 
hx tt»i pcmssfioo onions ^ o r t^aa oadUlos oM ti^ rdtKOKiaos* 
tKass>i«s of stieli matorisis looits^ Znimt^ in w^oh Sn^^ is 
paeUt Say snd U i m ) ^ oeotoiniof r i ^ 
or tho gsoorsi foreaiiioo ^ 
j i ^ J i s • totr«ir«isfit eation MUI X 4S « 
laoEioiraietit onion* Qusa^vsiont motai oxiaos mem also omsmiy 
msoa as ii^rianio ion oiKdianoors imati as SiO^* Vi02* 
and xrOj* t h M aatariais do not possoss sinpio 
ooeidki iojasaia as giirao sbcws imioss thoy ars ionitod at a 
high tMpooitura* Ttioy aro foimd to contain varying aaioiints 
of wator ifliieh is not yrosant as imtar of hyairation sinoo on 
floating i t is Host oontimioiisiy ovor a r«ago of tssiparatiirss* 
Coossqiiontly thoso ooadas aro usiiaiiy asseribod as Ityaroiis 
OKidss. Saooo ot al«(4f^Sl) and m « t a i . (SMS) havo 
26 
aoa* iaportmit w&rk oo by^armm 
Ii»iOliil>|ii atttai imemsmoi^ Air* m&a 99 InorgmifS 
ioo-HtuBlMiigsr** vtm m i l y and h m hifili 
eapaoltsr* mil Imowi «s tiw msmnw 
t&e tb^ aXkniS fhty «up» tt«o£ai in th* M ^ t t i c n of 
iTKdioactive mttts Iffl«h iess 
dflSKigt br je«ai«;tiOB than tlwir argoRii? et0mtm9pmei»» Ftcro* 
sioisMita m »tiidi9d issr 
aetttralROi mtem^m bf x^rfty 
sm tua^«t«ti idr tho ••ptt£»ti«R of 
land Miem iintfitm in jioidle siftdiim* fl»i 
iaiMmetMtodO <»f JUUPSP minl)^ of i v m * 
c^ lfasdiatts of fiiot»ltfi «iieh m ^il^mtg »ino« GmOmlmt 
<sopsm$ ni<M»X$ tftiiiganftiM* ismtzzt}^ tXtmixm* 
sireoniun* mmMvmt t^ 'sfis^ mmm tmgwtmim tir«olt»M tinCxs) 
hmm hmm studiod* fim smmt t««iid ha* ^mm in th« studs' 
tlm ion «iishin99 pvt^postiAs of fomcr«aid«9 ^toxbod 00 
ffiUc* fOiOt) oc mmin fhosr imm hmm xmp&etmA 
to h m amaoonabio ctaibiUty in Aesids «ad tlMlioo «&d 
hi^hor ooloetiTity for oUcoii aotais iH9«ei«ii3r tiMm 
tho siavrio Mita* Aaiiio toaaod matai facroosronidoa havo aiao 
rooaiirod attantioo* Ttioif mm firat intxrodiicod bgr Halm and 
ClaiiiC4d>« who px^pavad a « c M t mdm fameyanida* triitar 
00 8ft(XX) and fin(XV) anina forsofsfaoidiaa hava aiso baan 
piraparad in ttmm Xaboratosiaa. 
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torn 9Xm Imm pt Intmxmat* a 
txmib&t of mmh cm^mmOm tmm hmm pemp^ema* Xii iMttur^ly^ 
•iJLts tliit pftrcnt mdL&B h^mg to thtt «l.iic8 of 
p0%}fmi&» tuiving «!)• gtmrtX tmrnXm n^^^^^m^Og lAmem Jt 
aay mm oi thtt st^^ficsl, •i^mt^ includiii? 9ho»phaeoiiii# 
mrmmic mad Mi^soo mta t m di£im:mt mtmmnt mufh «« nol^ 
iOmvm^ tmgtttm mad vaii«aiiici« coi^pciiiiaa 
la^ npounaa strong 
djdaiei^ BOfi^&ia ana tlMaU^imita f i r « t v^eogniiwdt 
t!)at Act ion of ians into mammim itoisM^* 
)^O9|?hait0 3t«ii&tu£0 aurtfi^ GcsmxrcmS b^ a 
potsstially umfui mtion osc i^afig^ f t i^ vhoinia tim 
mi^ gpUm o£ rnaoimmatlUm of kt'b m>\ Cm*mia TX'^ is^ 
mmmim moXj^hOeifitimptmte ijxm m^Mc nitimto wmAim xom 
teeperetttie* tittliiiiBi* •oAlim* e^^eiw&i &t3t(mHm md haxim 
tuem only fllli^itlr t o i M «nd«r •lisllAr e0iiai«i0fi«* tttten 
of «iMi mOimqiimt iavtmUgMmt of th« ion «iieti«ii|r« 
« i ttMM Mitt h m bMa out ia th« 
ailMr«to]ri«« of Van anltlit ana Jmt/bg tmA thair 
h% ptmmat m Xtam mttbw of ifior«Biii« im Mshtngwrt 
bMn pyntlMitfiKOd* Variant afnthatie inacganie ian 
aximaiioaira* thair eaai^iiU.an« ioii»mch«fiaa eapaeitr and ao»a 
of tlui iqportaat applicatioaa ara •oMMurisad ia tabia i* 
28 
Al^irt twm th« litttACfi^lfteid Mats iMfiy ttlMur msebBtmnmm 
UIcA liiiMd Mdta ti9m ^ so bMO aynflMitiM mad wtvMnA in 
OmtMil for iqfi««iK!lMffig» propwrtlM* t% fms Immh ftMiiid thiit 
douCbXtt or iiii»d 9lf of wm of th« iMttti ioo» 
possess loiv^ ttatsluiiigtt ptopmttlB9 aiffoinmt to wim^m 
Sometimes ttmf nhB^ •iiqpl^ o«S.t» niftlni^ in 
them m&mtM* Vimf mtm wmm wmamXtt md •ta]sl.«» 
sttcmdJtf l ^Y mm mm m^matim ia mtmm m^ iitiAlly thtir 
ion Qxohs!>9« m^mitim mm lii^^wt coii^pma to tiMdr sliipitt 
8«3lt«* Xt iilttn tMs rntmktkm tdso giimn 
to »yntStt&@Xm aad to invettigfttd prop^rtios of 
thia olQuie of Qmm of th^ aoUble «sJit» 
prtiparodi oarlior haYo boim e«portttd In 
Xtt o r ^ to c!iaraetttri«a a n m i t t ibstm^ m m ion* 
its utility in mx^t/m fif^Os eaa its lisiitsttioiis* 
tho fi^iowifi® propttrties bs sinidioai 
x«fiii>wieha»gs espseity 
2* ChmAM «ikS thsittftl stidsiUty 
3« Caapositisii 
4* pt titSStiOQS 
S» atruttiiria stuOiss 
fsloetivitr* snt 
7* AasiytieU. sypUcstisns 
Xttorgsnio ioa MhsiHwrs bstiKW tm wotfi soids snd tHo rsto 
of ion oiichsiHis i s sioir^thorsfors^tlis ion^ ^MRdMuigs 
29 
e«pAOity is by tg^waiSig n^ imm Mxm tht ttidiaiigMr 
tisr ttm ion* of om^^X mlts* 9bm •QuiUbrium ior}HMetiaEi$« 
c«ptteity i « dtt«nB&ii«d hjf ipt^titemtionff* 
ttm ehmiGml stabilAtf In mm of axmt iapetvtmt 
pee^sUm aniet IKS stoaitdf ^ utiUtsr <if ion*-
in «iMirti^ ^ttiar taediiiiffi vtoognided on ttm bsikiA 
Of its staliility^ in nmt mMxmt, Hi^ior wtnS^Ut^ Imam to 
it# operatioa in one oaa isoro ael i^ts* 
|iM«titratioii« mem lielpf^ in finaiiig tim, mstXiliSoxim 
eapocity of tim mielimigim and uptake of mttai ionit at 
sfi iraittas* f l ^ of iiifi«etion« in t ^ 
csmn^  adtesminos tti« of replaceable l^ r^ bTogas) 
m0lmexd,m prustnt in thtt «ai9d)8n{^ and hanoo in tliift mf 
titrations iMilp in 09tid»ii«liing utmstm of tho 
nataciai* 
With ttm a«v»iopMot of noaotn onaiytieal lTmtxmamt9§ 
i t tsaeooMMi aaay to undoratanA tha chaadatvy of tha mataxAais 
l^ rajparafl* XafravaA apaottiai yiNMSiota tha praaaneo of watair 
ttoiaeiiIaa# OH fiottya and mmM'-mfgm boii4a« x-ray anair*i« 
oonfiriMi tihatlMr tHa mataviai is anaryhooa or oryataiUna* 
Tiia thaiaiagraviiiatrio and diffarantiai ttiamal aoa&svia 
ara iavortant taehniqitaa ttmt raeord ehangaa in tha #iaKicai 
OfiNVoaiUon of ttm matariaa. at diffacant tai^paratitraa* fliaaa 
taoiMiiqaaa pfoviOa a ^iraat haip in aatai^iiliing tha attuctnxa 
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tUmma^ atalsiMtr of Umi ^m a^cehiuagwr* 
tbm n^tilai of msM too* In tqr int 
ion i t cMmA tlM ••ioetivitr ^^ tipmSm 
upon ciiaf<9» m ttm mtrnX im*^ ionic vaiii of nvtai 
thu focntttion of inm>%mX& mibatat»c«« i4t)t tim mtdhmnom 
m& m th# Mmmtim* the is«l«etivit3r mmmlm th« 
SK^iilkiiitir mimwrnt mNsal idii* Mmm 
anot i^eff* 
SnaitSfts otD«r fecstorsf mlvmtm pli^ m im^ttmt 
m &€ tm^ im» m ion mmmmBm^ 
m& i.&si^ 'mtxihmg^  almit 'ikli msM i^ ms in maamm 
vdnwe^l mi^ of d l i fex^t mmmntxmti&m ham h&m mMma 
mtHtmMmlt* soimitu ttm faiiuitai msAO^t tmm iil«o 
tmm m^A %a mm Mii«<3t«d m th# iMisi* oi 
th»ir mttmm iiit«raoti<m the tmM. imm m^mje 
oaii»iili»r3ti«o« citric t)miA» femie OKiiie aedldU 
tmetmtlo m l ^ «c« oqaiaOiR •JivMat* 
for eoliMn dtvsmmt&gtei^* iiittion iMitai i m i « incaeviuMd 
l3«e«uMi of oonq^Mi fomifig «i«tam of ooaipoitnd* with 
«Mt«i i0fi«* ooia MLeig « o^odl ooi^iflacing mgrnkt^  ha* 
iMMa in mn^vemtim 0i hm^ Niit i:o# Sn and Oi item OM 
•aothttv* Aeooxdicio to tho iovooti^fttion of Mwoiooo 
<3o»iiOKlittrs# thoto ooMpiox feK»i»a «Hr{|ftiiio ooiao MMMtimos 
ibdoostood oo • otvoogiir bonio onion OMShongor md ouoh on 
mmhmgme can tm t r m M i « • • <Miti0ii MKeiMiiflwr and they can be 
mxaemtiillt usodt for ••leetivs Mf^^t imt* s«hfl.«iMidi«ttiiM 
tit»ft«e«t«ttt %9 fwoAt m £m» eemptmmm irith mwt «f Urn 
iMtai im»m m anicrn memxigB irttvln eontaiiiing muth im* em 
utllitda for m^pmmtim of i^SiMil mMl im§ imm 
oartti 9mM9* Vim mtk^i-m titrth mtttZ^ §om fftflkbae cram^wioii 
i4ith nxrii Mlxmi pH 7 mwi fmoG0 tn^ y sr* •dUracM Mt^ lOMM 
mt»X* ao tmt torn em^mm ifith mnk ma pass thmmti ttw 
cQlmmrn SIffillayrJkSr «lleaU aBm&itio wtltii am tm 
from iiiiS.tiimi«itt too* tmi^ aoioci xttsia* msmedxdm 
citrate ioo* 
tiMi mtstm^m im 
Ibiva not msasM i^ tflipt tUm pmpmtim of iott 
omehcngm <s«n Iso from ^iiciaioil ernMimmtlmn 
1?hor»fQffo« iM>re imkI mm i^mpsle ion ^nhtn^or* 
tMnni to tm wad imm m im »taaiod for tiM&r ion 
«aiis)uuig« psQ^rti^* sffo«t» tuivo tmm tMiati 
to mitoria&o M d h mtm mtm tiMMllir 
e}mdGmltf mttaDifg 
t» for ion^wielMmgo witttri«l» mpmelMie for cwrtain 
tmM Imtif 
I , for Mklootivitr eooffiei«iits %n aolfitioiKi otlior 
tlMUl OVUtOlUI 
4* for utiUMtion of oi^atioi^ of mMl imm in 
«i«p3L«o of ninoral M i 0ftt0# 
8* for la^iriour of orfonio oidHitoficos tonordlo ttiooo 
oMtorioio* 
to aovoiop eryotolUoo ion'«Mnteh«iigo iMitorloio* 
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With t h m poiiitc ia th« pr«««nt noxftc tit* imatr* 
to vynthfttis i^ thft ai£f«f«nt littttropoiyanion* hmmA on 
•tumio mikmmrtfmmtm* Btmrdn 0«l«ti«!ptio«plist9 
and •elcnotofigitatA lup ion ooeehangwr* «iid to «ta4sr 
th«i» prc^ pttTtiAA* mmlTt^ tttil wUeatiooit of 
«3eohiiii9ir» hem tMm t^r tt<i!ii«triiig ft ntimtt^ip 
<|ii«iititativ« mpmf^^mit m istm t^ ooShkhs* 




I nm Steofid looie of rnmrnm^ Mm<km§ Ch^pt* is* vmtm iS* 
t MmtMm, none** 7 immM iSO 9iSb. 
3 Be^* 8i>e« fteig* u CiiSCI) * 
s mm* jiint %m uasou 
4 Vm mtm tmA f • mmm$ 
? II* aaosf iTtk* trfBidlestii»tal.t* 
Vt9 11903), DRP, 74097, 1905. 
6 0« rolio c^m&^t M.» 
cm?) . 
9 Adtsw «nd ftoluMMi* J* So<3# OMkm* Xad* 
it.oiiaoii}» tt m$%}* 
m Q*p« amoot* 1944* 
II fif# JTttdUi ana mm* Cli«ii,tc»o«« 72* 
1044 a tM ) t atMtSl-t« 19ft3* 
1UA« I M M mA Jieiwr* Cluwt* 
Jl* €44 a9$«)» 
K«A« X««ll»* 11*9 • 9llim»«# CwrlMB 
Mimmm* PitNwe4Uliies of tMOiidi Siit«iiMi%i«iHa 
cenineww* wmmmM mmm #i iktMiie wmt^f* Ommm 
Pt* > (list)* 
€«•» iM«li]i«tt* »»e<see<liig# secmid tiit«ni«ti«i}«i 
«n PmmMl ei AtOAle mmxgf, ttmnrnm, 
I9S8* 99fMr 1SAA7I fl«»* (19S8) • 
iwmaett tad iMoaaiat COiittt «««* )* 
m c i i i i ) . 
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IB C«s« miMmttt morgtaie Zm 9aKiimgigmeB$ MXumimr 
17 v m l y and vt^ kmeDih Talantat Umlmf m 
* 
18 km ci#trfittia And a«A* Soorg* »iiol* ^mhh** 
i> U7 a m ) . 
Xftoirg. mic;a« ai«i . f JUt I09f f m s K 
so O. A&lswrtl waiSL m u U i * CftrMte^, 11* $79 
21 Albdrti and coctiotisiot Oironfttogx'** 
#S4 amu 
2d tfaltOD* Anal, Cbm*0 42f Cmo>« 
25 H.f • WQitmi i i t 52 a ime i • 
26 fiSvmao^Ma* Ttm d^HiieaJt ef »i£iec9»ii»M 
Van ^ostrand Co«* i»riQ€«toi}« 22f« I9S9* 
27 AtawQa# Sc^nlbftrt and C«fi. sosrd« 
a«s.ii«s« ceai»»« aaport ai*S08 UMi l i ii«m» BMteiii 
coofittr* 2» 
stoiightQR «ad caM3i cms) « 
28 ^.D. IMbA«OV# Xttlp Wld 8* me^g J* AM. COMM. 
a* rnum^ jjt 2S8 a m ) . 
29 AmP* nmtmat* Hmmtm^ 9liMii«« nmBdmm Smititiite of 
tl»8«8«8«« Aaid8«y Ol^  McIIQM* E««llllfr«td# 194t« 
Rataar and Siinenyik* Sb* Ratsote^  Rad&cNKHiB* lit 
( m s ) • 
30 VMaMnOittt swNida* ^.i"!. Mgtiai mA t.«t# 
8aaili«r« nafovta of aov&ot ieiaatiato «o tooofid 
XAtoRiattoiial eoof # vooooful oaao of Atonio rnmtmg 
A 189 C19S8>f M a m c oni xoarlM* eoHoctlon 
eoaoh. 8IMHI* CMMii** is« looo (I9i0}f j t * i0S2 
c m w . * * 
3S 
n HillOJl* SkU f i * » 1# il§HU 
sa K«»ll<li4U W 3L4f atSftU 
t3 y^oiKiifxi wmmxm* s:i«otroelt«n« 
m atsa ) . 
S4 mm* end* mgosrw oitiiv«# j t Cl^Stl* 
35 Si€etict» CtMBi* 5B2 * 
36 Kumorat ietir#Rt ai3«l Kticotiaii« MaJL* Oiioau. 
^ 317 i m s U 
^ S**ii* B«#t«lo# Iran Oife^ wa^ l>« ttusrsf 1110:9* 
cmeeiti 681 CmS)* 
38 Konoa^t 0, Eaaio aaal* 
ftftspewa KnsAl^ yrt v«9tf}# 
m3iia*# Jl* 
40 HQIm €11^  Cl»9©»« • 
U <3r* Vaa a . IS30 (IL9S6K 
43 ir«n aaltib^ amoslbm sad tm^m 
ciim«« ia9S iiwm* 
43 J# Van en&tf} ^ S0$ 11964)» 
44 ^m II* Mt i i «fid m^msltm* XikS* Sag* CI»MI« 
SlMli^ 111 IX9MI • 
45 ir# MA irnMiehit stiil.* dte* ftoe* jp^t 
um^ti c m t K 
4« OimAtogcfipiii** 
44#*ii Clftf)t 
47 N* OiUNMiMl« tliijiiir# if»8« Rathom waA 
mmtUV* Mfwwm* i i ( iMIK 
4f Y* XMNM m4 «m tmmBM§ •nil.* OMI. $m* 
|iC4)t m - i t a m ) . 
so XMIMI 4114 lf« ClHMl« M * Jpi* 
36 
$% liMMM and n* mXX* Chm* «oe* i^n 
a m ) • ^ 
sa «iia siidi«ti ch«t« Mm^ , 
S$ On ana iivO* ciM«iaiittnr« OuraoMitegcaphiai ii(10)« 
si<«90 a m ) , 
465*74 iXWtm • 
SS AiX* SuK* Dftt and f * Iaorg» tnel* 
CtaiM 49|i)# I M M S a m ) * 
se s» AmiMii imS Singh* Ea^iocliiiB* 
uiM)* UfTti* 
It* QitrQiM wia KamM^f Si^ m* ^^ a^isiiiKiit 
J^CS)« 7t9.44 a m i * 
giBU ms«24* a m ) . 
$9 Bmmt iQittii* Xn^ati J* Cimi^ s^ot* At 
«0 R m t «nd Khaiu Aim* CMm* «9CM0)# 
S3$«3a a979)« 
61 Safliden «iia 0*6*(3m« ItuQim CliMi«f 
«#et* h, a m ) # 
62 IUK« tna A^Miilt ^tifltt. IfffftrMRf), 
141^ $ a m ) . 
61 S*««C« rnmam, 6* Amom Xod* Climl.et«t 19« 26« 48« 
66# «f« 14% af6f)« 
64 »sewwrt» emmrn mmvie hu (fsmimU cwm 
U H <366). 
65 ir»f« viiMnnri ana t.«z« x«¥« a m * ii«iak« 
ir«6«6«ft», iNMMrvwi mMae, 169 <1969)* 
66 ir.x. tttvaim liUMfr* iiMile* miiii*t 
Xii6%*« ill. m <1969). 
6? o«if* ll«IMMlll66 IM« V* m m t ^ Xitof^* wwcH* ckm*, 
JZ* 1469 <1969)* 
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#9 9 m OilfbauiSiM moA mmmm§ Xh* 
aiiftl.* mmm*, mm. 
7Q s* moA J* tniNpg* imei* ciiaa** 
jti, m t 
71 a« AlJbortitf 0* Cofttsstiiio and OiU# M« 
i7s» u m i * 
cimatiM^i Simih 4r«it* a«fe«i M 34« sarf (maK 
iDidii* 843 a m i » 
74 All»rtl» B* hm CQot€i« tmm* ^ocl* 
CIM»I*# ^ S07 (lifii) • 
m Pmmrmm^ PsiMX* 
m&i* ^ 2697 a967K 
76 crj«tic«iiiii ana m* siU€S# 
Zmt^ t must. 79 a96«K 
77 x*H» mi ie« oomA^ durciiiisto i^.* lot 
76 K,it» KoeiiKi «iia fl0y«r« AtOBiMrMii«« 27S ClMSl* 
i t MivtiMikili « » « Stealiiii^t** 
s«iMMlMi« Naftwriawr* tt«iik* mm^ tmu 9ls** 
ISi a9i4K 
•I Mo l i i i im «B4 HlMititMMMra* Hit t r m « XlilA* 
•t I f * . MLcMaovm mA lOiesitewmi, X1»U*« (174 
d f i t ) . ^ 
•3 Mgwtflli and SEwweew, l^niiitpr* 
a« fmem M 9* «ei« 
tdr* f t 3t4 »94 f ) . 
38 
M F I N T E MOA MWVM^ <IR» CIMMI«« I2 « 
US <ms) • 
M 8«if« vaaOotit ana fi«tiMw« CmmA^  J« CIMMI,« S ^ S8S9 
l i W K 
8* o* CttwtmKUm moA niMiMmi* 
amtmimf** it* m a m i . 
as A^ Ci^ MTfiiiaia* M t H ana ii«Mo»a« Suc^ rgt 
iniel.* OMRtt JSt# a m i * 
at TQiimm i»ia i t xiiia** net? ( m m 
90 CtmueiMd, eoa BiGSiifig* SMa»t l l # a««9 
( m a i . 
91 a* Atiralttria^ <7* /uiMmatcmt 8# ^mo^siaxa and ^UwiMit 
mm OMR* seaadM Mt a m i « 
sade atsti* 
t3 fcemsi j^tMott i0 Sdd a m i * 
a m i « 1 
Si* Saiidul aaA t»* ssi««»s# Psm* tMona nmgejelm 
emtmemMam$ tm mitibmmf SalaiMmq^flltt i« #37 
a m i * 
9« mmek—w 0m tmrg^ m ^ * cumm*, j|» m a m i , 
97 9#i>* 9* «ml K«ir* chaot im»iWngiM a m i * 
98 ie«ir* M m Sa«* «M«t*» 3t« a97tl* 
sn at? 31. 
mtmrnoMf^ « » « (19731. 
S* mil9m» 9*2* MftMik miA H*ii» MiMKf ZadUa Cli«i«f 
J^t m (19731. 
Afii* mnmm mA m*i* TtrntmS^ Xaovg* iittei* aMM*# 
34* 3993 a973K 
(19741. " 
3 t 
in* AhrlaaA ana Cmtlmam^ Xnovf* Ruel,* CiMn»« 
H* 0* AlvMia 9m «i8tMy^SroahtafM Chsoiiato^** 
106 n«J* itiiiMNi« M* Coata «nd tt«A«s« Jocenino* 
I t S46 a m ) * 
SaO ^ 
lOi c« MbsrtI m& c^taiitlao* Mt 4«a 
ciioiitttitcsr* md^t Ml * a m K 
UO 6* Al^ MMTti 9m tfftS0IK9el« siiel* aMn#« 
n » imo}* 
m a, lUpteti <i2id i^smn mtmu U 
146 amot. 
UZ Otumi^ ai^ msmdiii* Oua^* Soe. (A)* Xa04 
( a m i . 
u a n* 3tu:««hi ism^ ( i m ) • 
tU and fC* Choif(fiiii£y« J||« aa? Cam)« 
US A*lt« INI 411^  cmmatogiraiM** jy t^ 3S0 Uftd) . 
aii G« ^ a * llun« tsir# i^ Staa* 
SIR* J|y|« 74 iimm. 
m c« M^me^mixmin AAD ita* ttmsg* mmia* CIIMI** j|« aairt UMef* 
i i t C« Mtnavwiiiwift 
44S a w ) * 
U » U9» HfB <1964) • 
lao B. tiitiiMi and A* M M * t « Haimrforw^ J||» UOO 
(1969)• 
iaa o« AaPMwti* caataatliio aad 
K« fameiMi* fiiov9« mica. CIMMI»« J|« 971 (1967)« 
aaa a* eXmtfUmM and Awltii* tmt9* Chm,, 491 (1969)• * 
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laa wmm^Smmf A* Iia0lii«r«ia»i# m^^mmmoQi 
mA H* zaorg* 2ftioi* Chao«t i043 
li* mfB miA Sprn^mmmrt^ Csnt. stud* 
amicf. 4e7t u af?SK 
iss CidMtt «tie Sileiaailif Cia^pt* R«n<l« mm^ 9i3i« 
PitmtM n&mnr, dftlQci tma c, sewsftt* Bull* Soe. 
Oila* 3S90 
^vJt Sttivif H m Had ti«ii» iZr* Zmnrg* Utiel* 
C}i»«t M* -
c« Aiborti sua Eft ^fwt^em, tmm* ^^U ctim»$ 
9075 amQ}* 
I3S £f* QmmQhIt n« tiaMr lios^^ il:»ia*f 
mm amBU 
n* ouTtti^t aisd o, XUa.f M « 
CIW6). 
xn H* OttroM* ma Vt KMTt Oiim* a4d8 
m Qiii. ma s.tt« r^aaiotDa* cnom*, jo , 
5 a m ) * 
13S s>* KMtftf and n* hm^tH^ BM^cMm* ^eta* 
U9 a m ) . 
im M* WMi i t ana ff»£* fUitlioc«t Chttft* m s 
attf> • 
m H* OumM Md Zb&dM m s ClMd). 
138 ti« CMunMtii Oiivtm* 3139 (IWim* 
i3f It* OoMiliif VmrUm^ mM Khaat 8oi»* 
359 (1973)• 
M rnuemMt fNiMin msA V« Kiitii* li^wrimtitt* t7« 
«oi a m K ^ ^ ^ 
Ma It* HMMifi* mA m moM^ sei«« 7S7 u m K 
143 {|iii«Milii* ICviiftr ttaft fl«S« B^^ S a^m, MmX* Chm^t 
I4S «Aa Olttei** i m a K 
147 lt«ll« Wt^  ftiiait 
Ili0jro» m c u Clm*« dis 119471» 
im Q* !I«I«&A£# ificfoisi ma ajLl^fSCCKI B«il0» ^tatltf 
OlOf €6S CIMSK 
B«ci etna Soman 204 
im i^dnim moA 8* laiMpgf* mmU OMQI** J»» 
U5S CW7J, ^ 
XSl tittrMii wtd Xiiostr* 
j2« a94i>» 
iSa R* flMOtft V« IelliirO» AMhi Qmwi K o w <iij«t«it* 
•tMMM4«iuii mmam mt ^ itmm * 
asa iMfiliif and s« Xa<MP9« »tiea# ChMi** at* 
1S4 o. AiiMtu* n. eoctwiUAo^ Oftiai* V* WViWiBV IWf JT^ VliUKV 
s» Tmrnmrntki m a * t (196ft)* 
m 0.0. mMLRMr mnA it^p. MU eon* 
Of fie* ••KirifM* moa4 (1944) * 
1S« o* Altowrtl^  H, CateiiklLAt v* CMtantino miA UMdwii, 
J* duramitogr** JLil* a i i (1974) • 
1S7 m w m m i A. Siiof«« »ii«l« Chwi,^ 
•§» (1974) I ja^ 1497 (197S). 
42 
Konia mnA H* Qwi^ ^^ Clii«iMi«09r»# Um 
<itta). 
atA2ib«rtii u* 6#«t«iitin» mtA Ssiidcftf iiiovf* 
mutsi* ciMm«t it* -
Kmiu Kmsm fauiteisi* m<i,t M* ^^^^ 
If8 attS) • 
li«fl« Koning SiMirQ* Intel* QM9m»# SI* 
m§ catiiif j^t n n a n a n 
iEoiilfi9» a* Ommmto^m* jysUI* 99 a99#># 
a« co»ttiBitl.]i«i# t* nipt^roeio and ^^m'Qtfea* Snosg* meslm Ctmm^g i l fS {1969) # 
ana @Ki«ti»i* aaaioetwi* l»«ttti 
a i n ^ 8» im p^anal mad Kuaart 
A»K« Oo Hpm Bcitt 183 a976}» 
OUl ana s*fi. faiiAda» taiODta, Jf* t3SS (1973) • 
a m and 8«SI» fiiidaii* XMd*# j^ t* 11973) • 
Da aa« Oaa« Sol,* 9aeli.# 46S Ci97d)« 
r^ lmmm0 Xaorff* Haal* Chan** J|f 1141 C1964>, 
8« Moni* S« iloetMOUMi** it* C19S9) • 
foliar^ XiMiv* Miial* ctiatt*« Jl^ * SS9 C1971>» 
« « eaa%iM«iiM» ODd A* oaoparaei* ^^ dimatagv** JML* 
399 <1973)• 
17S Van A. N imar and i * m i a « S*Mmme9* CImmi*« M * 
93 C199$). 
y* xaaiMi« M l * ctiofi* •oe* ^apMi^  J|» I3li« 1334 (19i4) • 
J* WLf%t Roncff 0* solan and e* »aaiiiat« Biai« 
•oe* cilia* troneat 3S9 Cms) • 
43 
m 8« iiiixihml mA a , mm^gmst^, I3li« UOO Clfi?)» 
fi» OaetMiiiit Kmur and a«tliopi« C1MMI« 
272 a m ) . 
tm M* ciQs«iiiii« a . K m r tiia fi*s« Eathomt i i « t 
a w ) • 
ft* KioMur ooa ff«@« mttnom^ ClurMfttogr*« 
H * a m i . 
183 s#ti» fiitaain «na ^ t?? 
a966)» 
184 Qomhi QBd K«G« Vori^ llHI?* IMd*^ 11988} • 
183 n* Kii»a:r and » » Chi^mtogir** 351 Clf72)« 
188 H* OarMUl* aetuTA msiA AQ^, €tiitsi«# 
2m» 138 a»78K 
187 a* QwmM, moA Siibi* ttOmta^, 103$ (1972)« 
188 VI* Qiutttth&« R* Kunsff «nd V* dliftsiMi* a}«n«# 48« 
18S5 C1974)« 
188 if* R*<|« v r^flMqr tmeMU Cturaouitogr.f 
J ^ 141 C1971). 
198 0111 808 8.H* tmomi Jfm Xme^ rn imel* l i t 
3888 11973) t R»aioeli«ii» inal* l «tt«« l i * 37|r* 
(1973). 
191 II* OWTMHi* 8«lirit« Ottni** 
S4 (1978)* 
192 a^O* ttoMl^MHi «iA it*«7* t«ll«r# iflierg* ihmsI* cimm*# 
1883 (1988)* 
193 II* fimMl«# Ama* GMmm J^t 489 (1974)* 
194 9m # # XIMK«* Wml* €LT«II«, 48^  
»39 (1978)* 
198 II* » « t t l l « t t l 4118 M* MwrWTt J* ClirMlt09fr*# 81 (1974) * 
tad a«3cl# tnSHm l i * aoa 
197 eiirtM* t»» z»ifil(«# Kidboinialeo And 
Sou 2is umv * 
i f8 «* AKiyaiMi wod s« !r«idt«« Xn^rg* mica* Chrnm* 
7* AxeiyaiMi «»d x 
a m 
X99 ss8ii0ta« i*« 8si£t«» miA V* steiigiurf ftadiocmmi* medio 
aaa* li«tt« i f 25? ( i m ) « 
300 m* BmtmMm siiaiMi* tmm* wsit, M* 
s w imiu 
301 Btttttridg* mA striidlingf British P«tfttit» 
jHjSf SSI a » w * 
302 Fcttiesasd* Rvissr aad soiiU«« Ae«d»f Sei»# 
303 &« 8tir$dli»ff Xiiorg* mi^I* 
204 s&sinka and i»» aadlocatsca* a«dio«iiai* i#ott*« 
714 arroi i a* 
X377 af72>» ^ 
307 NAtlMw ttod Tandoti* aixwmt9gr«|iliiii« jb 33$ 
m m . 
30i ir*ii« srimtAVttf »«iid«ri «nd s* KunMrt 
J* XiMiXf• Huei* Chm,t Jg* 343 (Xi7«> * 
309 t* itilNqrMlii «ad « « Cieto« Kogyo <93 
<197«). 
3X0 ^tt* nmmt mA miidt c«iid« Cta** M* ii»3 
<X97i). 
2XX anriwv «nd V»A« x.«it«iik» 2h« ll«e>r9«n* Xhin# XS* 
XX33 (X9«t). 
3X3 and B i n ^ Ctm* J* 3534 
4S 
213 ttmmt md l>«K« ^ml* Oilii* Mm, m, 
XSt a f 7 i K 
SLmmt and Khotocm «tid fi« ^ 
cdilffle* <ifi »£•••)« 
21% V« iC0tixi»« Slid 8* MUUon# J* Xnoror* imel* 
cii«i«» nil umK 
217 0«s» P%tmt» 3# 4ft« $»? C i m K 
i lB H m t * And Sifi9li# €tvrci!iat092r«phi«« M# 30$ 
tt$ and Sing^ Aiia«l.i di ^linicft* 
aao BdUmm ana s«t}« Aeta« 33S3 
23tl K*A, icinm asd VMlUpSt Oale Rapostf 
222 J*!"* A«ir«t atid miJtalMi, Caiid« J* Chm»t 53t 2i«S 
C W 5 ) • 
833 M* Qiimhli J « and V« Shaxnia« Aiiai« Ctia»«# iS« 
TOl (W3> • 
22« ic« Aba attd Xtc»« MippMi Kagi^ Saahi« 
U W ) • 
22S en&dlay* f«i.« »a£lMr and i»A« vaMoW 
rAnth., 
i f f O . 
wmiw Antii * Has* M m R^povt^ it* 
216 RiMMit and lliiictaimt# Uqoid 
ChrowatdfT. 4, 85 (19817. 
227 Ttt v« ifavav* Yu •ukUatav and Piiatovalov* 
taeflBartt fvaai* 0brastry# Varamya Zfialci# 22« 4d 
a m ) • 
228 Ytt Z« iukharafTf Yit Bgarav and I9«ti. fiiatovalav* 
xh, KMHTv* KiiiM.t 1.128 a m } • 
46 
23f if» QttJni«hi« R«irtt moA Qis^ ptm, Jr* CliraiMtogr*^ 
S4$ 
232 H*0« ttna K«A« icr«tui« Atonic Sis*£0« 
c m , * 3320 (1.962}« 
233 lf#Ab« m^ t , IflDilOi} ZMUg J|# 1174 (1966) # 
234 tn t0 m&mxrnr mad Tm* V* Sgermr^  nmM* nam, 
235 jmaeMS end ZiKUtm jr« 199 
11979) • 
239 Rmmt mt^ S i n ^ HnOctiwiief ChrejeMto^aj^a^ 
S13 cmsK 
237 HOC* R«}»IIII1# mm And B»A« itanxK* ChiPOiMitogr«« 
399 a m ) . 
il979). 
239 It* f«9ero£f Md ti«PtflMfim« C«]i* IMsaA* sei. c» 
279« U99 (1979K 
249 9*Q« lll|lt«l9Hi caa KlltSI* A«t« 
lai*, ve« 199 C1979)* 
241 m i i ^ i ^ [ " ^ ' ^ ' c i S^ * t^ mtmmtt 9«9* 9 M * it9el« 
242 9» aonMlM m»A II.A* otMAM c«jnr«liio* 
Chi«Mitiigr»« 179 (1977) • 
243 It* Ca^lM* «a4iiie»i«ii* l«tt«# ISl (1973)« 
244 tr«l« wsmU Rutiwl ana Oc«li# Xaorg* 
lliiel* Chin** 473 (1995)« 
245 M* if« S^yloi snd it«ysMMr^  Vftlmta^ 29# 495 
(1973)• 
47 
2 4 f J , t i m w * A i i f t l , C h t t M * * 4 8 C l f 7 « > f X t o t o y t M m n i l w ^ U , 
674 (If73)• 
3 4 7 M * O w t s M ^ X « 0 * A n d C h x o s s t t e g r . t 
mm* 
Z4B t * i i C » K M l t o v i e A n d t s « f A d o x o t f ^ J * R a d i o M M I I * C h « i B * # 3 0 « 
849 G* mmmi mm it* J* R«aioaiMil» Chmsk^^ i4t 2Sf 
2S0 ittrto8# >iecJL«iMit«o« 
a*L* mow ma a«»«v* snd* ciuisi*# 
aia ^ 
a s i X n e r g * C l i f i a i « » ^ ^ ^ ^ ( I t i S ) . 
252 X»*li* B«otilii« Dtiyt^ k And Xbid*# J2« ( m S ) « 
253 i«*H« siMit«l.«# 0« snd a* otiarjr* i^ c Aecvsnion m* 3©7I.« fioiport Ho. 24920* 70 U96$) • 
254 and Z«Ot Bull* Ch«mw Soc* 33S 
CXtl46)f 2483 (1969)« 
255 K*a« mUison FTND SATO, AIMII* CIWIB«# 43# 129 (1971) • 
2 5 6 a * C f t X t t t J c t t * C « K & m m x i a n d i s « 8 i n a ! o v & « J » R a O I o i m i I * 
C h m . 0 5 ( 1 9 7 2 ) . 
257 Z.D* sourvally and H* S>«a«haiipOt Radiosmal,* aMtet«# 
303 amu 
258 o* «ofele« R* Bdhmlmm^ 8* Fiaahar and Oiahl* 8* Aaal* 
aian,« UO (1973)* 
259 V* »aliax«]ef V* Vaaalar and llUrieh« 8isll« 8oc* 
Chiat,* rianee, 1844 U9«8)» 
260 J*KrlU&* J. ChJtoaAtSffra** 384« 2i« 85 (X9i5}* 
261 N. ouiaahl* K,o» Vaiahnar and ralwiida niaii# J . aii«aata9r*# 
i l* 547 (1972). 
262 8« Kai#Miiica# H. Xafaint and x«K* KiuR>talci« Anal* Chiai. 
A«ta«« 317 (JL970U 
263 ti.T«o» VaXantiiii« 8« NaXonl and V« Maxla* J , Xnoirf* HueX, 
ehaii,^ 3L427 CX97a> # 
48 
264 nmmt fuoa n* X<|bfti« J* Uqttid cturoMteopr* (in 
ptmm) • 
tmfrn vomMti* QOB* THOmgoBt lii»t»# «« 
266 aoloidi Chapov wmI msAMh^mt 
55 • 
26? n» iii«hlo« h* Ktaoshida* &* i^ o&xnm tahilittra^ 
J* At* ^ATQ r^ doG« 2 (1964)« 
263 l*v« ana X«F« mmosm, liwiin^d* 
6er« fiat* Khiat J139 U W ) . 
269 fuexuia* tmxg^ m3ci,chm* m (196$)» 
270 IC»9« yttTshtunf Ifiorg* tuiel* Cbm^^  
Jgf 20t5 
271, Q^  Mimcti* u* Gemtrntlm mid m h^* {.ooiani (3ioir«^ottii 
J* Chstmatopr** 45 (I97§K 
372 n* Kainsonargia* ^t 173 (1963) • 
273 a«aio Kiaisra* M# 22S 
( m a ) . 
274 R* 90iui# saiookaii^ ii» iioimlmgm» £.•!)« 8Mt«l# and 
H, D*liocit« 2fioc9* ClMii.f 665 (i974K 
275 Csil»3ioiyi L. Ssirtaa aad s.* aaiSiooham. 
^•dittaiia* J , U (197X>« 
276 X«it«hi* K. TiikafiMmi# X. tmit*^ suiit 
GlMM* SOCt J«puit 192} (X979)* 
277 6«fliiii« ii.B, iNHiiMva* i « s . B o i t ^ n m ^ sh. m i a * 
(I««niii9rad)* 2422 (i973). 
276 lliKtvi* Hiqr* «n<S t»«H* Bttiittl«# Znorg* HiieX* 
Ch«n«» 43X7 (X97X} • 
279 Tm siahi and z* rtijiifara# Kyoto Moidcu Kagaini 
Kaidcyiiatio Xho«# J2* 23 (X97Xf • 
280 K* 0* Varataiay at^ Khaii# Znorg* imoX* Chan** 
24X (X979), 
49 
tni M* wm «iid KmmMM^ ciMBitf «£# l i s amn. 
$»a fhind* Stnam Ummt$ Oiln* 
$0$ £i« QiioiMt a* xmir via sci. 
Jilt IDS Uf7»l* 
$94 ii« n* xuMic «tid simsm una Khim* 
jft disQiaiitdft** jy|§f m (atte)« 
2d6 ftaorofi ima tf« c»fi« iei# s«r« c« 
p&M l i s t i w a ) . 
s* Bull* 
JUt 401 f W O U 
Q* Bmm^mmt iota mm^mm^^ dio^str^rt 
®t0cielioiy% AlisSeijdatst ClfS^U 
Chapter I I 
A COMPARATIVE StmH OW THE SYNTHESIS 
AI^ O ION EXCHANGE BEHAVIOUR OF TZN(IV> 
SALTS OF DIFFERENT HET^ OFQI«YANIONSt 
SEPARATIONS OF METAZ* tmS ON TIN (IV) 
BORATOMOLYBOATE COIiOUMNS 
A QcmmATism STUDY m& mmmQtB Mm tm mcmms 
nmmviowA op txiiCxv) aimn or o m m t m mtmo^ 
mttmimBimpMimmm m iwsm* ions mi 
Txncxv) BOfiA!roe«»<tBOAirg c<»;ait7s 
aii^ioatidt^ o£ s^^thotio iooradaic 
iOD'O^fishemgerd has nm tmm wtll s®tab].i8h@d(].> * Eeecmtl.? 
tmm found mmtvH in portable tm»X diftl^ ro f^s 
\mit&m SissptQ «mlts oS mtsXo ae ion^iiaiQhaofors hotTo b e ^ 
cRich stuped as cce^pare^ to daiibl.Q saltd* Ear^or studies (2*4) 
show that mlieea aaita uwaail^ r aichil»it highar 
capsciti©0 batter th@sml. md cticKs^ cal ©tsM^t^ m 
ccxEipacadi tD aieiiaa salts* A lltaratuc^ mmm^ sihma that 
a ntiG^r of tin(nr) aaXtsCS^e) haura h&m stodlad as iOf3« 
axchangara* Sut no ayst«i»atlo coi^pariaon has baan smdm m 
tha ion axchaifiga ps-o^rtiaa of thosa {aatarlaie* Tha pmamt 
ehaptar tharafora mmrlTma a tsms^mtlv atttdy oci tha 
synthasis and Io(i<*aoiehaiiga bahavioiir of a aaw aarias oC 
tin(zv) iofii-aiiehanoars basad «n boroa* boratosiolfbo 
data haa baan ehoaan far dataiiad study owing to its h i ^ 
aNehanga eapaoity and battar ^htnioal. stability* 
So 
82 
TiMlv} Chloria* i)0»taliyarate potassii» 
tetraborate am&a&im mlTfisd&tm aoOltiBi 
tufigstate fso&lvm wefMmmt& CB •!>•»«)« oo&ivm mas^tm 
(m. mm€k} and potasainei aihsracomphoaslMite (i* Karck) vara 
iiaad* Othaff ctmaiimlm ms® of ama^rti^al eaagent gira^a. 
mmm 
Tim epeateosOteftamtffsr and pK^^aaauramanta iiara parfovniad 
uaing & haeSa Spaetronic ao Colorlmatarf Slico iiX-10 
pB i^oetar raapacti«al.ir« Paxldfi Elmr (ao<aaSi-137 i^ paotroptuito* 
siatac was uaad far IE atudias* A taetpacatuca eontrolXad 
ahakar *SXC0* was uaad for aDaktng* 
sxagissii 
Stttplaa of tln(2V) box«taphoapiiai^« tin(fV) tooratoaiafataA 
tlnCxv) «raanat«borata# b^atotaBgatata* UnCzv) 
bcuratoeioiyMitii urara praparad adscif&g aquaoas aaiutiona of 
appropriata raagaKkt» lutdar tha eanditiana indieatad in Tablaa 
iht 3B» ar^  and 3X« Tha daairad pit waa adjuatad bsr addiagr 
aithar diinta hydrochloric acid aelutimi or dil^ita aodiun 
liydroKlda ao?liitian» Tha pracipitata ad formad waa ailawad to 
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water (ettf) antS f i i l ^ r ^ uater aiactiofi^ Xt vm t^mm Oriad at 
40% in « » mm* ^ driiMl iBfttajrW ms tli@n tseatriS vitti ttw 
rosiiitiiif ill erttdlciiig of tiw Mfestaneo into waallai' particles 
with flight 0VOXiiti«si ©f haat. To csmwrt tliei in 
li^ drogfaii im fom# tlie mfttorial. ima Impt for 4@ tm. in in 
Eiitric aci^ aoltitiona* I t m» t^m tiitli Bm to wmimm 
mamm mM* tinivf) smml^- has hmn 
^ m m for a^toilad at!i% ouin^ to its liiglitir 
eapaoitf m^ tAgtmt ^ms^mX tstmilitf m osss^:^ to otiiar 
materials* 
fo ^mmmim tlio ioti^^a^haiige cap^tsr of 
0»S 0 ©g i«iM!secliaii^ ®at©riai in ti^to^m fom mm plm^ 
in colufflfi gXm& mol ms^rt* fli© f^ pOsfogai lm& mm& 
olutml rnim iH sfi^nUonsoi diffarant saita iTmim 4}* mm 
t^arofwa ions s^iaaaed f r a tiia mhimgar wsra t^ ma aatamiiiaai 
k^ titrating tiia mMilmmt tritfi standarS sointioii M aoSiUB 
liy<dMtiaa» fHa ion^^ anGlifl^ ga otpaeitias for Cit^ '^ t and 
fa iiara dttaxBii»aa as folioira* 
iO sa aolutimi of tlia matai ion of lenoMs atrangth waa 
paaaad throng i 9 aiietiafiQmr in tiydrogaa Mwm with a H m rata 
of i « t ffia affiuant ttaa ^aaaad through tha ooiiaie 
aavarai ti»aa to mmuem xs^memsmt of 'aaseimm l^rarogan ion of 
tha mmhmmf* coluem naa thm imtfb/^A with wat^ tiXi 
58 
t h « o m t M R i t tnm f r « t t f j c m mmtaH i o n s * Ttio u l i o i o mttl'omt 
was t i t r a t e i d w i t h s t a a A M r d WOfSX « o i t t t i o i i * Tho onouo t o f o w t c i 
Sons adsezt iod Iqr t h e oK^Mttigttr C f t l o t l a M , V h « i o n * 
msdhmii^ c a p a c i t y f o r d i f f « r « K t s M r t ^ i o n a i « r o j ^ x t o d i n 
fo exaeiiQe th@ effoet of tee^ratox® m thfl» iOfi« 
oxcdiwigd thft iraire h@at@<S At aiff*r<mt 
tm^mtmes a miffle fiiumacft foar % h. lon^meshmg^ 
capacitjr for potassiias ions at «ifferest aryisig teraperator®® 
is given if} tablo S* 
git^iiteysa 
Sfi t i t r a t i o n s f o r mm^lm tmn^ p t t r f o s iMd b y t i M 
O t t r i i ^ « c t h o A ( i ) u c i n g a M i m M ^ r i ^ t e O l v m h y ^ o x i t f * 
s ] r s t « [ i » Xft O M O 0 « 5 9 m m m i m f e i n I t y t e e t w fotu i n a s 
•«itd.|il»r«t<iai w i t h SO idr ttoivwit K i x t m i n • t M u u r i n e a d M t o r 
f o r « i3t h t A t a s J; VtMi f R t i t c m t i o M e u m o i s shoiHi i n 
f i g u r o i * 
A 0»S 9 tt ia oiKSluuEHItt SM i to r i s l { M M p i m I M f ^ ) wis 
•qtidtHtorstod w i t h SO of oo i t t t io i i o f s n s X y U o f t i i n t o i i M t 
« t roOR t«spttffmtii£« (3S 4 and k o p t f o r 24 h « w i t h 
S9 
TMBtM 4 
Ion e9K!hai3g» cai^ aoitir imm/^ 0 of d i f fwmt 
mem^ $m nmdmogmtf fer vitirioii^  ontioos 
Ctttiooii Sftlt^  mmA SB fBFg «B»4 fmi^  
I UCl 0*26 0*37 0*@4 
0»42 OtSS 
3 6.3 O.SS 1*30 1*12 
4 tlg(li03) g 10*0 0*4% 0«40 o«$a 
S 6*S4 0«44 
$ 0IPCIO3>2 6ii2 0*34 0*43 
0*41 0*63 
3 cum^) 2 <<• 0,40 0*23 0*73 
9 0*a$ 0*24 0*83 0*29 
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93 
occasional shaking* Tia aiKl fooivbaaiiURi reXoaaod in tha •oiistien 
imro Att«nain«4 8peetK0pli09$aRi@tricai3.y using heanatOKsriin (10) 
ana tiaoeratiatoClil at eotmHng r«a@iinti iti^pamirdiy* Tm 
tSBomt o£ hasm reiaaaod in the ooivwst ifaa dtatesminod t i t r i -
iiaifig @oMm ti^ sfdrood^ m titrant* raimits 
mm mmsmsii&&& in ta&ie 0* 
For tstm ^m/m&lmtim cf^^eal. emm^itlm of aamplo 
0*2 g of aacehant^ r m» OisaolvM io tiofc concantratad 
hjir^ts^^orio acid* ^^h^ ttia aoiutiois ms diiutod to 100 sil 
«fith mtm:* %'in and laol^ H^danuRi mm (Sataxminaai iy^eotsophoto-
tiliilQ boiron was dmtmsXn&a titiriiaotiricallf C12) • 
Tha ratio B and Ho io to Itltl* 
xa apoetra of variooa eaniplaa driod at diffarimt 
taR^parataraa mam raeordad uaing mt diae trnVlnoA <Figa« 
«#S and ( ) • 
Vha diattfilmUoii ooaffleiaiit^Cxd) for 24 iMtal iona in 
diffajrant aolutioo ayatana t»ar« dataminad* 0«S g ef 
aNi^angat In hydgogan fom <150<»100 maah aiaa) iiaa traatad 
irith SO iBl of eatioci solution in 3S0 ml irlanniarar flaik* 
tmm 6 
Chanical mUbiUtif of » l | 
S*!iO# 
—If in im""" 
Mmma 
1 
t tmtar 0«40 0*18 0*2S 
a 0*111 mo^ 0«5S <m 0«S4 
s 0*60 0#74 
4 X^m mQ^ 0*70 O»03 
S 0«1M HCl 0«45 
HOI 0*36 0.09 
1 1«QH fICl 1«S$ 0*63 0.93 
a o«aii ficio^ m 0#43 
0 o^m mio^ 1#03 0*33 0«6S 
JLO um mw^ 1«20 0«91 0*91 
IS OM HgSO^  Ot^ 0*67 
0,3H H^ SO^  1*4S 0#3S 0*79 
13 l*Oft fl^O^ 0*61 1#35 
14 0*05it »ttOH 3#1S 0*75 1*S3 
IS 
16 o«osii i m 0*64 i*ai 
1? OtlM l^H 
1@ O#09H him 1«5S 0*60 0*70 
19 Q^m tsm 
20 um ml 0,00 0*00 0*00 
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Ttm ii^Msmtm th«fi shakao for € ht mt 35 t^ in « shilsi^ r 
incuiMttor* Tb« ionic •trangth of v«rieas metal ion solutioas 
U « « t^iMNMi 0*(MN>« to 0.00S7. «IMI moaiit of cations l i f t in 
tiw soiution ma thea aotosminoiS tfg titrating againat tha 
atandac^ aoltitiofi of fiOTA* thm Kd vaiuas wara caictiiatad 
a^K>r(3ing to tha fofimiia« 
X S O 
wttara t ia tt^ a voiume of Kiy^ A conauaiM hg^ tlia ao^ution aftar 
aqpiiiibriumt Z ia tha iwiuBna of sd^a by the origiaai 
aolntion (i»a«# bofora agoiiibritsft) ana w ia tha i#@i©ht of ion 
aaichangar in 
Tha i^aauita of Kd vaXtxaa ava amiaariaad in tal^a fha 
ads^ pvption o£ m a ^ iona i»as aiao ati^ad at diffanmt 
tanparaturaa* Ttm affact of taesparatuea an Kd (vaiuaa) asa 
aaa«uril»ad in tabia 8 and in figuira 
(^ttifititatiya aapiyrat^^f 
yoc aaiparation pmpoaa tha coltnn ma praparad uming 
3«0 9 of aa^iangar (iSd«*209 aath aiaa) in t^drooan f m i in 
a glaaa t i d M of intamai diagnatair O.i c sn in mah caaat A 
aijctiura of natal ion aoltttian «faa no^liad on tha ^lunn* Tha 
aolution waa allomid to floir-deim vary alowlj through tha 
column aa a caauit natal iena ara adaontead at tha top of 
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tfl m Ill tfl in m tfi 
•1 •t •1 •t •1 •1 •1 •I •1 
§ ? 8 s m « m 04 i •I 
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1 
tn OH IT) tfl Ift tl) tft 
•1 H •t •1 •t •I •1 





s w « § i 
e ^ 
4^$ <1 
o td Q © 0 
tft s If) M 0 m ifi m m 
tt •1 1 4.1 •t 





m a> m m tn tf» tn a L-) •1 •1 •1 41 •1 •f •1 41 
s a HI r» 3 01 f tfi un m CM I8fl <H( n m m % 
01 a en s a § m B m 
•1 •1 At •1 •1 •t •1 •1 •f •1 •1 •1 
S s s H S S S a i i i i i i 
A A A 
94 « 
^ ^^  
n M O H <« «>> « H H ^ 
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m (ft IP tn m in tfk 
•t •1 •1 •1 •1 •t •1 •1 n 
m M l>> ift O O s 8 04 S H HI 1-4 HI H ?5 
m m tn 
u #4 
S a s 
ifi tn m «n 
•t •t •1 •1 
s s 3 s; 




1 CI 1 H) HI § H 
m CI c J tn tn tf> m s m s 
•1 •1 •1 •1 •1 •t •1 
s H in s s a s ! 
•I H H •! 
S I I M 5 ! i i ! 
^ ^ ^  ^  ^  ^ 
m « • iSi ^ 04 p $4 V* m m t^ <4 pt 
7a 
Distjtitxitim eo&SiieimtB (ml/g) inetal, ione m tiaixv) 
in O.OOSm imo^ at aiffavunt 




















m t S jt 5 463 4 12 
S 62 S 1004 S 
4t ^  & m a i SO 0460 4 160 
S 700 J; 10 2900 4 04 
12S • B 1088 jt 52 10340 4 156 
60 4 S 136 jt 3 13® 4 3 
W 1 3 S 54 4 5 
U2 ^  S $07 t s 2328 4 45 
iSOO ^ SO 24900 Jt 170 40900 4 200 
m • s loao t se 39434 60 
Jt09 1 s nm X 22 31004 50 
s 10 nm 4 m 
300 X 5 sso ^  12 36S0 4 00 
ISO Jt s S20 Ji 6 443 4 10 
§ 73 t 5 420 4 5 
id jt s 5 750 4 5 
s 3S2 A 5 430 4 5 
s a«o :t 20 3100 4 ao 
aojfe s SO^  x 145 25500 4 163 
U7 jt s mm • 120 32500 4 145 
338 jh s @4$0 i; 60 42200 4 210 
t s 13700 4 ISO 6S900 4 320 
22S Jt s 12W0 4 135 64900 4 316 




1 - 10 - La3^ 
2- CaZ* 11 -
3- 12 -N<}3* 
4 - 13 - Pr3* 
5- u - Dy3* 












20 30 AO 50 60 
Tf'mpfretort (*C ) 
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mKHmagmr hail fosming «ii INITIAL BORA* ftui COIUB*} urns WASIM 
urltli wtair* The mtoX lens ^soe® th«n eluted by appr^riata 
aiuting raagwats • ^ ^ item rata of ^teiamz tias mlmoXma at 
].«4 mi mlEi**^  tlucouighoat ttm mXutXm ptoeass* Tim &ttXumt, 
mm collaetad In 10 idL fraetloci® and titrates with 
SO^a solution • S^rni iis^rtant sapcuraticma of tmitoX locia tiava 
baao qamtltBtimXf achiavad* tba oXution curvas Mot aac^ 
sat @aparatio» atiosm io figures 
7S 
4 « 
sr X ^ JB > 
/ 
9 5 o • f 1 1 t 
tn VI t^ (Si ^ o 
o b 6 d d 6 d 
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nubias lA to 31 a»«eri]3« ths prtt^atioos oC smplmi of 
tin (XV) Mts of diffarwit !vitttropo&y«aio»» tindor i4antioal. 
cmditiofis, xoo «8iechiingtt ef^acity of oaeh t>a« tmm 
oc3fl!^ ;>ar(»d «iith Alngio wsats pn^^ared unaar tho saiao cona&tloos* 
I t h&m hem oibmxvmd that mpmsity of aova>l.o aaXta i s hi^sr 
than the eingl^ salts viiti ttm ma^iptim of tin CSV) borato* 
^ l o s^ t® ema tin CSV) air«3iiatol>or<9t@« m intaraating faatut® 
amoTgod wlKin tia(iv) homtomiXtatat ia <»i;iaraai with tinCxv) 
tho latter had a asgUc^bio capacity 
CO •I'? Qiaq/asy ^ c^ jq^ aclt-^ - aic^Cicantly 
ineroamid for aa^ia WS^ ^ IO*SS laaq/dUTF # xt ia iii^ ;x»]?taAt 
to no^ that mixing vc4uraa ratio ot aiifarcmt e<3i9{K3ijant8 affaot 
the ioiwasichanga capasitF ^ tha final prodisat* Mao in tho 
oaaa of tin (XV) hoemisomolfiMm tha aw^han^ ci^cit^ baeonaa 
alMMNit tMO tlmaa aa h i ^ aa tha aacciian^ ea^pacit^ of aingia 
aaita n m i f tinlSV) a^iyliteta and tin(XV) borate pifaparad 
unda^ liia aaaa aoa^Htiafta* Vlia ovdiar of ion-^ aiBChaaQa eapaaitsr 
(for WL* iaea) fav tin(XV) aalta of tfifferant hataxopoiyaaiaaa 
ia aa foiiewai 
vin(xv) baratattmgatftta (tlT,) > *in(xv) boratottolybdata (TBH )^ > 
fin (XV) baratafliaa9hata(ffi»3) > tia(xv) acaanateborata 
fBAj) > Via (XV) ba«mtaiiiiltat« («ti|^)« 
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a«8uit8 of tabl® 6 show thftt tin(zv) Ijoratonolybdittt qitita 
9tabl.<» in iiatar# liydroe$)l.«»rie 4icid« psreliloicle nitric 
cuifuria «eia« and in eomtton oaits oC raoaex^at* conooatra* 
tiofis* This mtoriai app^^eioblsr dUasoiiros in 0*0i solutions 
of SiiOilt EaXni end KOB on proiongod shaiking* Ttm imtsrial, is 
appaeonti^ in various camm organic soivants iiica 
ac@ton@i aiQxan©# othanoi^ acatoiac^^f fona i^c aci<l« acatic 
acidt tcirtaric acid and citric acid* Sin(xv) ixsratciiioi^ fttdata 
is mMtlmlY mtm chomicaiiy staMa than tin CUT) ittoivbdata 
praparad aariier{I,3«1.4}« 
RasoXt® of table 4 tliat tti® mmhm^ capaci^ of al l 
ttia ecR^ poiinds incraaaas %iith nm decraasa in t^dratad radii« 
Tha ion asiChan^ capacity folloEfa ord<»r K' > iia*^  > for 
alkali loatals* ioe alkaline aarths tha asoshanga 
cai>iK3ity raraaina aleiost tlia aaiaa as lifESratad radii do not 
vary appraciai^ir* 
xt is apparant. fron tabla 5 that tin (IV) boratophosplkata* 
tinCXV) beratesalfata^ tinCXV) htsmtgwrnlftamtm and tina^} 
boratotangstata loosa ion anehanga capacity as tha drying 
taoparatora of tha matarial is subsataawitly ineraaaad» Vha 
tharmal staisili^ of thasa inatariali) can ha rai^msantad in 
tha oedar > > > T&s^* Xt is ai>aarv«d howavar « 
in tha casa of tin<XV) boratoaiilfsta# tha incraasing 
tanparatiira daas net affaet tha capacity significantly, fin(XV) 
l9oratotiiagstata and tia(XV> haratCRtklyfedata lost their M^iange 
80 
e«9«eity n m th«n tOU A^im th«ir arying twyeratmr* inormad 
to ttm empmiltf f«Xi» to • nogUgiblo WIMID tbm 
drying immemtaxm is r«iMd ^ t o (0«Q6 mq/deir g for tinCxv) 
boffatanol.ybdiat® 0*t4 atq/.dry g for tlnCSV) boratotnn^Mto)« 
bo ^ to mmmsttim of tit* iwitoriois into thoir 
oxidofl m» is ali^ iruSlcatod toy thoir colouro ot ^ t o trnmpmsmtamm* 
finiVf} taor^totungaitoto io wmm timma^Llf mttda>Xm timti tinCZV) 
tmgBtmtmiXB) m^ oioo tin CSV) toorftt<moiyl»dato io mm mtMlbtm 
thtn UoCxvl laolftodatoCil} • ^initv) tooratoaiiifate «na t i n W ) 
cotoia tftoir WKCliftziae eapooity to « groator 
oietoQt* imo oap«oity of toor#tti»ml.fato smit^m el»o«t tho 
up-to finder) txorsst^ iosibOBsmto maA tiodv) l>ortttomafftto 
em bo ooo^iaiioiitiy wtmA 9m ion mmhmgmttt wm vtim ttm dtyiag 
tom^oirotuso in c»i««d u^-to S00^« Howoiror* ^Aim thooo 
mttorittlo (ilriod « t 40^0 oro Imtod ot 9S jt S^ C in tho pr««wM90 
of wotor no ioM in ioo^oaislioiigo oopooity io ebmrmA in oii tho 
ootoa. 
pK titrotion e u m (Vig* 11 for sfoCi^oOif 9f»tm indiofttos 
two bxoOIco in tho curvo aftieifing thoroby tliot tintxv) boroto* 
noiybAoto bi^iMi m % bif«fieti<mol. wmSk eotion mm^ tmvgmt* 
lit opoetro of tin(IV} borotOMOlybdoto^ tinCzv) fe«roto« 
plietvlioto, tinCSV> borototmiffitoto oad tin (XV) bosmtooulfoto 
mtm ooMporod with t^m X^ opoetro of potoosiwi totribosoto ona 
Un(XV) bototo ( f i « « » a«S«4»S wid 6 K 
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nm m wvmtxm of tinCzv) hotm^em^ifltautm 0xitA %% 
ttioirs four poik* In tSMi iooo«3eo0 wT^* IS90-
n m m*^' rniA mT^* vn* hcma pwOt 
in tm region 3dO0*3fOO ckT^ mf lam do* to mtmi m^m&jl^ and 
OH f ro i^ * A ctMufp pMk in tti« jfvgioii a t ^ with a 
iMtfdLiMiB an'*^ may Imi iSii* to pitmmem of «3ct«im«i iwt«r 
A thlM i^ iidtp poaK 1400 iMsr attjcilafittad to 
the txwRao • Another bfoad p««(k in th* 
SOO^ iOOO fin*^ as? tm «8«i0fiiia to mtatX-msf^ bond* tt i s 
tliftt tho simarp peaks for intottitial. nat^r isoloeiilos 
ana hoem mg^ dlsiiniaii gradnaii^r ^ t h tlie Incmmm 
in tlM drying t«iaiMiratas«» 
I t is elmx §xm tai»io 7 that of diatribution 
coaffieianta vac:^  with tha oomp^itioa and natora of aolvwit 
ayatan* 9ha Kd sraiuaa ^ laatai iona aca daoraaaing in gmmmX 
with tlia iaevaaaa in diaaiMiia eontwit of ^ madim* tha 
inoraaaad mmmt of diaicana in diaacaiMHiratar ayatam daeraaaaa 
til* dialaatfic caaatant and thua daaraaaaa tha Kd vtXm* ftiia 
ia pralialiif diia ta tlia iaat tliat tha iona of an alaetroiyta 
ava iMca ioaiaad ia a aaiiraat ai vaiativaly h i ^ dioiaetrie 
eaoataiktt wawayay» a dafiaita aaiiei«aiaR can oniy toa dirann ia 
tha praaaaaa of othar mt^ mwitimmM, data. An incvaaaa i » tho Kd 
valaa far aiaat aMtal iaaa a«o atao alMiarvad aa ana taaa fraii piure 
d i l a t e nitr ic aOid (t^Oi M) tO a HftlftlirO af diOMaaa ^ o.oi N into J 
i « i l l Ipoiaaia ratio and tha inotoata ia tha yis af tha aolvant 
62 
««!!«•« Iii^ttr aduiojept&ofi of ivetfti ion* « « •nqpa^ata* 
h stii^ of m&misptim of mtaX imt m tinCxv) hsmtK^ 
pdlflMSftttt Mtimsmt tmm^Jf^^snix^ twwMtt %imt •xtaiit di 
aOmtptlm imaemmm wlidi tlis Ijammm ia tanperfttwen m • 
f i m Ka values icmnd te 13# hif^iist in ^ txm 
? i t I m tm q^^iiiidM Intuit tias Kd £m ^m^sMmlmt 
tmd tttm mmta^ ImB immmm tihmtp^Lf hsi%m miA tliMi 
mm mm'^mim ^ m ^aiti^i mm im^immt midtali imB iis 
MMimemt mM nt ^liimmt im^mtmm m 
Qm Ism ilimm iui MMmm 
mtm ht?*> 
©•01 it M1O3 
MmifM t fti^> 
i 
oioiCiiiis I nfttwr iid^> tM^ > 
(4 • i ) 
MoicvMiOAOaM > > fr^* > 
Cltl) ® > 
83 
0*009 K MiOa 
OfOO» M Hiio« mw*^^ 
o»oo$ M D3r^ > 
fhtt mixptim utiidiM m H n i W i>or«toiooiirt»dttt« for 
sMitAi ion« mmw lai^ortiuit 
a mmi^t tm binary si^ pasmtiotis of analTticnl aiuS inaiuitrial 
Im^rtanca ti«v» bmm mhimmA mucamuwfuXlt on Mall coiumna 
of U n ( m berat<M0l:^ todata Cfifa* SJWiC)« aajparation of ison 
frcxn CK»pi»ar laair ba ittiXiaad ia thm irwaovml. of iron in^piiritiaa 
tsm chalec^rita (cufas^} and somita (Ctt^rai^) oraa* 
Xa tim datacniiaatloa of ttiofiun aa mt^mtm good aapazatian 
fnaii uktcmim eaatiot IMI aehiavad baeaoaa of tha poaaitola 
lifaratioii of 9immiivmi%§) • Sixeoniaai alao aarioaaly intarfataa 
forabably in 11 ttia afaetrephotoiatrie aataxmiaatiaii of 
thaiiiMi bsf variottw eolouuriao rMoanta aueh aa tttoroa* ainitva-
aoohraitotroipie aoi«« ^piareatiot syjui^ ana ei tiiJUMiotli) * 
fiiarafara« ooliMtia of tlA(ZV) liarataaalytodata can ba oonvMiiantly 
aaad far mm^mting airaoniim i^yuritiaa ]»riar to tha aatami« 
natiaa of tHariun* na(SV) baratMlyMata ca» alao ba utlUsaA 
far tha raaovarjr of airaaniwi fraa thariiM fran tlioriaiiita* 
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JL A, ci««rfi«id# a«K# nmactiXlmm mtA r«k« in zen 
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n irm«ai«r« Aiuiid* iiosr* i^rrt c^iu emOm* i « *m 
w^h, mUm: c^^* irimiui# m^O v^t* Cbm*, 24* aasd 
1.9 Znirmz^ Speatm ef C«»ip|«x laoleculffa^ 
mmmsma m mtmmMm ssimmc sffibssoii^fifAi^t 
Bmmmm im mmmmmm of mmm&wu 
mcm» im mm m smm 
SYcmiEazs or otYstAMjns mmmc Buxmpmsmmiss 
BB^mmm i^m DBmHtnATZOn OP cmommt 
nzcxssi mt> mm m m$pm msmB 
Despito a las>D« aroimt «»£ isiOsH m as^tlMitio 
inoryaoiie iO{i««»3fictiaii©@rs oiilir ^ l i tt la effort ha« Iboan iswbaii 
to es^st^ltm so m ^ to 
tlia {aschcmioD ic^ -^ aaKShmigo ona othmr i^ tmicfaQooo ID a 
dfatiraatic aattiiQr^  tha esfotadlinit? of t!ie is 
is^rtant* I t io ^tl^ this vim in offorta Mve 
b^m roa^ to afattmttim Grtamiie seionoijliospiltate in 
sotii of ^Kiditioci* A £@ir etadic^i on araoeplioaa otannie 
^e • Simo and taisiod 
soiv«atd mem chmm stu^ tbB m&»owptim t>»ha^icKajr o£ 
nutftl ioa« m stanoic On ttm ^ tiiim 
•tttdart thi« i0f)-«iiel)«iig0 matarisi ha» tmm utilisad for the 
Mparatioo and datacninatieo of chroniusi* nickal, and iffon in 
iaportaat m i ^ mlle/fB namaly aod zmomJ^^Q* 




Stam^G (oaikfir lyialTSoai solonito 
Eiigian^^ m^ soOium aihsrtatgos) ptiodi^ Qto 
mm^mlB mt& of imin^^ gsa&^m 
dpc^tSQ^otomotifsr oii(3 pi tammismsmtB wmo 
using Spoetrc l^iotoewtaif OS W O ma Bltum X»l-1Q jii-ciotQr 
p^idn BSoor isodi^ l S|>eet»o|)lsotoiti©t©i}'# stanton 
tMmGhtiXfmm tsrpo B4 an^ »-irasr difiirt^stoeiDter sf@r© 
asod £or xa^ s^ roQ^  stu^oo* a t£xni>orataeo coatroiJiod 
Qhs^x *SXCO* used for slialeiiig* 
SMipies of 9tansiio Milooophosphato pr^ i^ainafl laf {aiating 
0»05n ooditim ditijrdvogan plioaphatd and 0*09N sodium selonite 
soiutions to 0*08M soiiition of •taitnie ehiorids* ttm pll of 
tho nixture was adiostwd by adfling dilute sodium hydroacidii or 
diltit* hyt^roohloriG acid solutions. Ths psvoipitate so fotto^ 
was ailotfod to settle f ^ $4 hs ifith the siothoir iig^m and 
filtered^ washed several tisies with distilled weter and ^tofi 
dried at tctia precipitate as detained abORre was also 
rcfluxed for i hs in various soltttions. ^ e refluxed 
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proclpitat@s CHj^y R^ «iid Et^ ) mt& thwi imshodl 
witb dlotililod ti&t«ff# aried at 40^ com&tti&a into H^ Mam 
hy itmplm tho tsatorial in <xm mXwe aitrSo neid Hor 24 tis* 
CoQ^ticns c£ synthoGiStf eapaoitles and appoaraneo 
of ©oqpios of etasinia flK^^K^ptio^ptiato iwa in toM® 
hsrdvo^ iO£} lUberation eapaeitios of ^ 
irith a«>0 tsoBO divaJlont iona d9t«ei@iii@<l 
ogmmtXme* 0*S 0 of in fosm ma taiken in tho 
coltm ^iQBa aiooi ai^ ^port* 5Pli@ iooe mm olutod fey 
paaaiiig ono mlm eiactroi^te aolation« Slio if' ion® in t&o 
Qffiusrst mxQ astoffainod iroi^iDOtrioaily usin j^ otauacupd wsditaa 
hydroxiae solution as a titrmit* stio ipoauita aso alio^n in 
t ^ i a iO* 
chomieai atabiiititts of aainploa P j ^mse datandnad 
in aavarai aoiiNRita at vocmi tampara^o* ft 0«S 0 of ttia eaataviai 
naa cKjuiiitMmtad with 50 ml of tha soii?wit and Sca^ t for 24 ha 
with intaimittant ahaking* «in<XV)« aoianium and ptioapliata 
caiaaaad in tha aoiution nasa than dataisiiaad tosr atandavd 
•peetcophotaraatrie nathoda(2«3tf4) • tbm caanits are sumtaariaad 
in tabl^ i3i« 
m # m S ^ ^ * ^ « * • * ^ 
«NI #>« lMl #>« 
f-a 
1 n H 04 O 
11 
Q u a a a 
* * "i • > a o o o o o * • «« m 
^ 04 m 0* m m »* M A «*f «>f 
B o a o, S^  o o o o o o 
© O P O O 0 O O O O © 
o 0 o o^  o, o o^  o, 
e c » o e o o a « i o o o 
HI tfii m m o o o o 
• » • • o o o o .. : H o o o o 
8.8. SS 2 a o o 
f< « « « 
89 
•4 04 01 OS 
90 
tmm 10 
tm^ nm^ img^  capttcit^ r C^ «» of i-^ ttimlc mUmtCh' 
V^msHmrns vim ma&rmt mmtistX ions At 23 ± 
S o n s d o l t 
UIO 
UCl OmBB O # 0 4 
m* waci 0 , 6 5 
KCl a « 3 2 
cmm^)^ 2 * 3 9 2M 
mrno^)^ un J l » 7 5 
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tor aet«sm|{iatioo of ehoaical eoa^9iti<m of stannio 
0*5 0 of ti^ sas^Ie was in hot 
cmcmtrntB^ h^^lrooiaQric ooid* $ifi(XV) and dolaoima woso 
^tecntincia tiaonfttas^lin and 
tluimMe^lti^) • 
pH titxratioaa £or n o C M ^ eyatOD tmvo bo@n p&Ttomm 
m ^^ ufsiog iro^p and i^ appor* s eaettiodCXS) * h 0»as g 
of the 9xeti£i!M|o» All liy^ icogmj torn m& om^iihmto^ with 25 tal 
tho solQtim at rocsm pii»tltratioo curtro i® 
ohoim in figwm 
ghemal tgaatment 
ShofsiogravitaQtorio aaai]r«i« of ttto 0«3$i0 g am^m 
i » hsfdrosaei foxm vm pasfom»d at a haating ^ t o of IQ^C^ain 
(rig.lO) • 70 mmmlnm tho offaet of tanporatura on tho ion«* 
anchanga oai>aei«3r« tha laatarial Ciawula R )^ waa haatad at 
diffacant tnqparatuvaa in a mitXm Aixnaea iar i h» tha r^aulta 
ara raportad in 9al»l,a 12* 
fha XR apactrum of aanj^ lo driad at 40^ C iraa obtainad 
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FtG.10. THERMOGRAM OF STANNIC SE L E NO P HO SPH AT E IN H* FORM 
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Tmm 
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Mafigsnes® fiiturva «m8 usua Cor 
6ittt9Ctim of sqe^Ivb ItaUi® is , vig^ 3.3>« 
"Tho ai8tril»stion mt ot acaoa isi^stmt mtai 
loo® ^ m <a©t@rialCiG!a ia Cl5!!r)# Otofehyl-
«ttl£o9tldo (OHSO) m€t miimiroD oi imQ^'oim ma ttio 83mtaRt«« 
Kd vaitt@e oi MMmsmt taatal ioci$ aa 
0«5 0 of ea»?iiao0#r M.m Mom wm sqrttiJUBvatcad td.tfi SO nl 
of tim eaUoR solution Cti^ o loftStoo oatio^s wm lm& t ^ 3 % 
of tot^ ioci^ cHichcmgo of mtorial) for tm 
m Bhs^ov i n c n i b a t o r a t t S ^ acioi int o f e a t i o o o b e f o e ^ 
an<3 a f t o r o q o l U t e r i u m wii® d o t e r r a i n o d o & t h o r ^ t i t r a t i n g 
0 * 0 0 ^ s o l u t i o n o r lijr s p o e t c i e ^ o t o R i e t r i c i ciieitfio€i9(S»7| • 
K d v a l u o t t i f o r o t h o u e & l o u l a t o d i j f t h e focuMlQ g i ven i n c ^ i ^ t o r x i * 
ttm rosttit* are •hoim io tabio* 14 iS« 
Tlio loo^onelMiiS^ eoiunti mm pt&smcmA mlng mn Mriiesr 
mthod{9>* 2«0 g of th& oatehangor ($9«>i<IO mesh «i8«} in hf^ Orogon 
iom mm tgkm into a glaas colwm of i^ 0«69 or* a mixtarm of 
motai iena MM than ap{»iiad a»a aliowoa to pasa through M 
coltun at a alow rate* Vtm natai iona adaott»ad on tim 
axchangar vara olutad ^ th a suitable altitin0 raagant* 
tba flew rate of tha affluant waa niaintainadi I wX/mln» until 
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the {N@TAI ioito oro <3ONS»ioteXy OLUTED from the CO1IXMI# fh« 
RHital iooB in 10 ml fr«ctioii« o£ tim oCfluoot mm 
<S#t«£miiiaa or lay standard 
^?@et«3!pl)otmotric foet^oasCSt?}« tsSbXm 16 aoseribee the 
so^oratloiis o£ siotal ions t^cb havo bo®» adtiioirod m atamiia 
practical utility o£ ataimie hm 
W ^t^miMng th© mtmt ime in atat^ S^aird 
an^ (Tables 17,18,19 and 20). 
0*6S7S g of ttiA «liO!r was tMtod sutm m los, 
of i l l mMxam t^ 9Qiti!io of 16(1 ptiosi>lioeie aeid ana 13H 
peiTohlorio aoia* Ttm mixt^tm ims boilsd to o^a^orsto oxcoss 
acid* Solution of l!icapei«^0 Id #8660 g} was in ths 
SMS ttanoar using 100 sil of I t l laixtara IvA) of pbospHoric 
add ana pasdhlorio aeia* fha soltttion was dilutad to 500 iH 
with distilloei watar* 10 eil of this solution was fturl^iar 
dilutad and eiada upto 100 ral with distillad watar* 
(b) j^aSEtel* 
Oif faraot voIusms of tha abwra solutions wara aj^lied 
on tha oolunns of stannic salanapliosphata (H* torn), fha 
103 
tmiM u 
svpeuraticMW of nmM ion* on th« coXvmmM 
of stannic amlmiosixmsilmtm 
'mount 
tOilM fiocaa •lution 






























































































K m m OMFi" 0*SH HNO^ C9l2) 
1 • 4M DMF f 0#SN IC ld j ( 2 t t ) 
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tJiMm 17 
Smjmtion of ctimaiifli* niaeol moA iron in • mmetHm of 
mpex mll0S immtMOQ) on TlnClV) 
coiuffiQ 
Bm^m 




96 m o r 
MgO 10 40 30 $«0 
I 1 0,S» 40 tm^i s a 
l»f aso^ 30 105 us » s 10.0 
HgO 10 #0 5t s«o 
z 1 o«stt i^Og cat©) SO 384 S.3 
itt HSQg 50 15t»5 10*0 
HgO iO GO iBa 5*1 
3 4i«9iir » o*s» ffifO^ (2t@> 30 399 370 5*3 
40 aio 234 11*5 
20 3L00 0S«5 4.5 
4 4Moiir 1 o^m two, Ctt«) 
40 400*9 471 5*8 
JLN tttlO^  40 291.#3 11*1 
V 20 IZQ U3,S 5*4 
S 4MDMP t O.SM IWOj (2|«> 40 500«S 563*4 6*1 
tK lilOj 40 m 352 l l . i 
cr®^ NjO 20 140 132 5*8 
6 4NDMr 1 9«5N MIO3 (tlS) SO 690«8 655 6*4 
iM IIIIO3 40 4U*7 12*3 
fcontd.) 
lo5 
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l o t 
Sttparatioa of Midi Iron in « of 
iuper m c ^ (xi^ 0(9s]>>800) on ^Inirv) 
Mimipliosphato ooluMMi 
Bma^ m siuwnt 




t«k«ii fomid % mxot 
HgO 30 72 u a 1.4 
4{$Qlif • 0*SH 
flHOg {St©) m uo 
m HHO^  s.a 
a08 m * 4 l.S 
1 m m 1 o*SH fiio^ catd) 40 iSS ISS 6*1 
a^ l HEJO^  10 a34 a34 
Qt:^ HgO BO S44 ua 
3 4ISPH9 f 0«Sll iiiio^ ca«ai 
Hi H^ O^  
10 dao aos 
30 $12 S*S 
Hj® 30 180 176 »a 1«8 
4 « 0«Sil tWO^  <2t8) SO a54,4 7.S 
IM 40 390 370 s«a 
30 2U ai2*a 1*8 
$ mmat « O«SH ISlOg (23 d) SO 390 303«3 8«1 
SM INMOg so 4«8 441 $.8 
Cr®^ MjO 40 asa 347 a*o 
6 4IIDMr f 0*9H WO3 C3f8) 40 30$ 345*7 10*2 
IM mo^ «0 $46 $s»a 1.1 
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c r ^ tf^ O 30 268 a*4 
7 ^^ ISHf t 0«3H 49 440 366*6 i t a 
2illW03 40 624 S0i»6 6«0 










HgO m 360 SS^fS a^s 





t s i a 
HjO 50 S40 3.9 
m HRO^  (2l0) 
IM mQ^ 
30 62S 64Sa 2016 
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sMita:! Ions m& M m e d to tm nm 
Cfimmimtt im& inm nmee Vhm tf^ s^tttl^e 
im mm mtml im» in tli® @£Mlwmt mm tttsii atttaiisifisid 
stand^s^ fisa^iodsC?*©} • 
I l l 
m9cmBtm 
St is o i ^ r I^OB teiMe 9 tluit Mm Wm i m ©atcSiange 
^cai»cicit7 tuf ixicmt^ag tho pit at constant naiidng 
ratio* xt i « earn obiesimd t^at nmm l& no ai^nifiisant vShmm 
in i m csndhsisgtt of th® matariai ^mt the pvaei^tato 
ie mi lmi^ tm «iitimsr with m Mtssic mi^ or m ipiioapi^ oeie 
acia* fho capacity of stamiia s@ifii3e)s>lic»8phato (8flcas>i0 
a^) ioon^stta i^hm tho psaoipitAta of saa^ie P^ stafiumaa 
iii Q mi3it»i»3 of ii«l.anioiui acid ana phoi^^i^rie aeia at pH Smbb 
trm nmrnmr^ the peo&aQt (aan^i© a^) l>@eoiao9 uoatabio 
t0im tho pxrooipitati^ ia rofiuxEia aoi«S aione* 
tutm baaia of «^iaRdeai atahiUt^ Isottov i m axtsiMiiiga 
oa^^Mioit^ tho Bmml^ ^ ^ tiiaa horn e^^imm i^sx auitaiied atodi^a* 
e^tm ecK^^ airiao^  of tha propartiea of ftiia laatariai has beao mfusm 
with tha ttiur^ajead pxodaot (aaepio 9 j ) » tha ioo agiOhango 
e^paeit^ for ^ f f a m s t metal iona on aaie^aa ^ ^ 
mportaa in TMm iO» 
Tha fiaaiiita of tvtOa i i ahow tha i^ tha MMpiao of ataanio 
aalanophoaphato pcaparad hy thaaa laathoAi ara mora cftiamicaily 
at i^a than thoaa i«r«KNicad oariiarfiH ¥ha matariai toaeomaa 
nosa atabia i t ifaa rafiiiaiaA i& m adxtwem of fiioajE>horio 
aoid and aaianieua acid (aaaipio R^) • staimio aaianosiioaijhata 
ia not affaetad at al i lay dinathyiiiuiphOKida and diawthyi* 
foMBiida* Vha 9H titration euxva howavar^  ahowa aioeioftiaetionai 
ua 
behftviour of •tatmic o^ umofihemsStmtm Crig* 
k coa^^ltmi mteUm^ c»i|»»et«lftff of atmmlc 
atasmio ethnic pliossti&tttCia} 
aftar fotterliOs at m^tMmrnt tm^gmaktxmm is eDoum 
fMDaio 12* ii^ eiiopikiMqplMittt ttpswMurs to be thmmiiir 
mm tlifiD otasnisiic sM staimic an i t 
miMm mma i^iiSkQ mmss^L^ tO«Si ns&m sod^o* 
the taoisf; {^xqposltioii of stafuiio 
tbat m^&olmk axkd pliCM^^ta «£«} i n thct i :Ati# 
of 4tit6« 
^ ttiQceiogi^ ^ fim^miio m^mos^^^tsi (Fig* iO) in t!'^  
§om i^fyom iQp® iR tfisi^t ^ ^ noi^it 
usxto 290^ 0 iMi mw b& to the Imm of imtdmai imt«r 
iaoiaeiiio0« woi^t Ims from to SSO^ C tsm bo to 
the JLom wftttr fay ooDdtansatiOi) of OH g^oi^ wid 
tlMi ooowrsion of stiosphato into sivaplKNiidmto* prootts* 
is €M»i|pX«iMa « t 4S0 c^ ana th® ion «iiQliaimo e«p«oit^ of tho 
iMitBrial ooincsidt* idth tho ion ime i^iage c a n i t y of ttannie 
Mlonito C0«7e mmi/9) at (fabio i2} * Slia ion 
iMi^ iafifitt «a»acsitar of ataiuiio phoi^to ia ioat at this 
titHiiarattMpa (labia m thm ioaa in waii^t ia again otmmem^ at 
aboat fhia ioaa may ba rafanrad to tba iosa of ifttf;ar 
iMiiaeataa by oondaoaatian of moca groiipa and the ion om a^anga 
oapaclty gtaaoaliy aaevaaaaa* Aftar tlia wai^t baomea 
eonatant Aia to tha iannation of oicidaa and tha ion aw^ango 
113 
c^^itsr ^Sxtom to m mgllgiiall& vaJtao at SOO^ C* 
XR Apeotrai of taeai^ le <Vig« i l ) io h"** i^ cm shotrs thcao 
strong peaks io the ir«gioii8 ©f SS00«'3000 caT^* STOCmsOO oa*"^  
ona oiT^* ^ hma^ peak iij ttio f ^ o e 35a0«3CK)0 coT^ 
m^ to pK s^oooo OS mitm' mlomiXm ana & 
ah^rp pisak in tho vogicm I.'700**IS00 yfitb a toastleiuD at 
iSSO ctT^ is chsaraQteriatic of XntmMtloX tmtar 
A tliira peals in tl^ rogiofi ii0CK900 csT^ oiaar ^ attsibiitoa 
to imif^ 
X i^raf onai^id of atsffliiiG s^K^iaa itidioato 
that o i l tli@ acs^ios ai»3 m s s e ^ s m micc^t m t s ^ ^ ^ ^ 
ap|}Q«ur t o bo cr i rstai i ino aioa a@111icv3rstaiX.is30 a© t^o difi^i^aotiora 
pattacn of tha foxxiec ia mora praaoaceod ana t ^ i dofinoa as 
to tim iatt©ff» I t iatoraating to aoto that 
gmor^ioaa «t@i»ii<i aoianof^ioapliata immpXm P^} tmomms GJByst&llltm 
itfm^m n^) whsa th® praois>itata is irafltsx&a in aai^ems 
acid for 6 (rig« ia) * 'Sim dMraiuaa of the or^ataiiina 
poeodi^ st of ataanio aaiaao^ l^iofl^ hata waire eaiciilataa b^ Qragg'a 
aquation ana aro ^ivan in tafelo 
On tha Daaia of tho ion mshanga capacity* stf{<»titeation 
oturvaf chafBicai cofl^oaition and thanaogravimotxio anaiyaia, 
tlia ioiloning tnatative focmiia for ttia stannic aia.aii0|il)09«* 
j>hata mmt tm propoaad 
(•no) 4 • (0«) (HSaOj) • CHjPO )^ ^ J ^ 4m^0 a> 
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Zf i t is ftosusMid that th® iroi^t loss (9J&I upto aoo^c is ^ to 
tho t&W9&l oi mtt&msl mtst mleealm then.th® tsmb^t of mt«t 
noX&GKiXm pos molecul® of oatdumgcirf oULeuXAtodt ttm th9 foxaMS.Q 
^ iULlsQirtKiO} 4» Xi tim h^ r^ bpogm iexia esKshongfod 
at pff e*S# tho ion oxg^ iango c^ ^^ aeitjir eaicvuatea firora tto aSdo^ 
tosmlQ ia caoq/g tiliic^  is in cjooa ^^ ^ 
vaiiio mxi/g)« fha ^ctigiht iti th@ tas^ peretuyro 
raago ttarmisfi eoBStafit CFig. JLO> which iu sapposoa 
to t3o to tho <wmmoim of ooia phoophat® to s j^^ rc^hoi^ hato* 
^ho faSbom fosmia thoo am caodlfiod 
mm troaaSocmticm in this tss^pornturo rao^^ corcospooas to 
13*4% ioaa ifi ^ g h t of the ThiQ thooratical voimo i « 
vQxv eio»o to tiio %i@igDt ioss caicttiQto(3 f i ^ TQh axem (I3»0S( 
at 400^0 • Hie iofi oMSt^ ngo CApitoitir thorefoire at 409^ Ahouia 
only bo 6m to HSoO^  p^roiip of tli® mmt&ximl* mm ion imdMngo 
c«lp«eitr oalotafttea fxtxa fomiia a is 0«i0 vhieh vmsmblm 
th« osKporiiBontia ion oncliaiigo oapaeity CO >70 ami/ii « t 400®C) • 
potoatiAiity of staimio 8«l.«iioplio0phato ha« tjoen fu r i ^ r 
invottigfttea for tho a^aration of netai ions, fha distribution 
coofficioats for som inportant mstal ions iw9m boon dstoxndnod 
in nitric ooid and in sormi noro prospsctivo solvonto 8u«!h as 
0inathyii0iiiiini<ls# OimsthyisttiioKiao* and 0H@(Mim>3 
msdia* i t has been cft>socvod that orsonie solvants hava 
115 
ptoommG9& ttifcM^t 6a tti« •dsttcptieo of th« fMt«iri«l, tt 
im o'osoiMmd i ^ t ttio of •Inoftt M mmml ions is vmrf 
tern in our mid I3KS0 eoR)par«d uster* the isameato 
an felie fiitjrio acid ooncotitratioa incx^asos in tlM ndicture of sum 
ana OHSO (Tabids 14 and 15) * Hoi«mr« iMa affaet ia moc^  
pr^ opouncad in tha oiaaa of Cn^^  and Kd valuaa hmsom 
almost nagii^i l^ ifitli tho irtesoaeod conoantration of nitric 
acid in t ^ mixtiura* ilotiovos ^^^ h&& Imm found to t>eSi«sm in a 
diifemst ts^ o matal ion ia atron^l^ ads^ etoad on atamiie 
aalaoophos^pliat® in sisso^o^ and saiaetajraa. Xn 0*SM 
solution tSkDQ Kd valita dropa to a no^li^iblo mlwam Tim pacRili^ 
b i^asvioiiv of l^?^ '®* pasmita the salootiv© s^rationa of Pb^^ fraa 
ot^^ raatal iona in a oiixtaxra* h imsTf mi^tio faatuca haa 
boon notiood iragairdiog thia mtaitim s^r ia ^ t tlia adaocptiona of 
CrCvz) ia vatjr low in almoat al l thaaa madia «a oooparad to 
Cr(xxxK ^laaa diffarantial tiptalMi of natal iona in ^ a a 
aolvanta hava IMMH utiliaad for ti^ aaparationa of earn ia^poftmt 
and faivMilaCia msM iana* A niMibar of Ixinasy tavmiurr weid 
^paatasnavy aaparatiana hava bean aOhiavad on tha ooluaiia of 
atannie aalanefho^pliata (vabla ! « ) • 
Tha aaporatien of chroMiuait Mitlcal and Xron uaca utiliaad 
for tha datasMiinatian of thaaa alananta ia high tae^paratuca 
ataal alloya (Tablaa 17«1«). fha aapar alloy XNCOHtL^ GO 
oantaina iin(0*29()t Wm cu<fi.idK) ai (7e«9aii&>« Cr 
<lS«SiK)« C (0«9iH)t s (O.OOT )^ and Si lO .W ) nhila XiiCOiiBL-800 
lU 
hM tho c«3Bis»o$ition m wm UBMfi ) , Cu Hit 
cr c s CO.OOT^ } ttOd Si 
8oiuti€a3s of these <ill.Qy9 ana diffmrdnt v&ltiG^ mm 
Mmmd to aasocto on tho o»lvsma of stttimio •oiwioplio^iiimto And 
aQptae&tioae w&m thm caxtim^ out* ChromitiBi mm olutod witli 
aistiiHed mtim: tmd ^St&t/msima • 
t t e Oiutad nitl^ k a of 4lt SUf 1- ^ 
iron ms mo&msmS, iffi^^* inm 
tho £a0thod m» isf emee^g mt tho mipumUmm 
tisMis %9 m»S 201* 
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mmmcMB 
Ctiromatos* 122S U m ) * 
2 coioirJifiittcic 8Mitliod» of 
^oX^h, mtmmtm* s:^ * 
3 a<if • 2, pp m 
4 PI? S60 
5 Raf. 2, 4ta 
6 tun. fuctaaii^  ateoaacd m&Viio^ o£ e^ciaic^ ttnalysiSf 
etii mitit Van nmtxw^ p3Sncmtm$ m B14 
0 SvM* ©iaaiqi ^and farooqi« B ^ l * C lwi » 
@oe« iPQM' 11903)* 
9 siaaiqi ana hiio# @4ipn« sei* 
TwstmoU 12* JlW>» 
10 o«i]Ji« ty« costantino and B* Roaraeea« 
J, Snor^* Utiei* Oiaiii** SI7 (1967) • 
11 ttuvaM aad lliilsi^  MmatA, I f* 10S3*»42 ^972)« 
12 ir« xnmia* BUU * Cham* aae* Jgn* 1916 <19«3)* 
13 it*t« Vavip and x«ii« pfippmts J* Cham. S299 (1949) • 
swmm m &fmmc amtemmam^m sspm/mw 
Of mm mmom mem tm& 
g^iissss m BTtmmo BBmrm^mimn i mmimum OB 
mMUVfi mm immauB MSTAII torn 
sa^ijDcotMat i n f i s i d is^ &pktli9tic inogr^mio 
tn Ktic^t tftnaim m icm^mshiiiioosrs 
hsim attiractsetd snit^ s t t m t i m oning to tisaic idLdtsprc^ 
appIieat&oDs i n M v o r a t £iol4@« tt lioe horn iomd that 
imwgoaie le^^^esKShongor© ofteo ec^iifeit t h e i r m n dharaetor^ 
i d t i o tt tti@jmfosti# mlmta o£ i n t e r e s t t o 
u t i U s © the iof)«>@3CChang€k m ^ r i a i a t o mlvm msX^tXcol ly 
di f f icu l t firiSsleiQa of apocifio oatur®. 
Some o£ the resoits haim h&m in an mrlim: 
p&pQt it9gme€iiag the iQffith»»i0f imattm^ pcoperbias and 
£mf mpplieatXma of atmrnlc mlmamsmmtBi^)» 'Sim 
di€fttr«Rtiad Mieetivity oi metal ions end eeperetion 
l^etentiaa Mae peira of netai iens hae beta the stistaiiw 
ta ei^Jlor* M utility of the aieteriel ia the fieia of 
eeperetion eoienoe in detail* Xeefing thetMt viewa in laitid 
diatrilMitiai ooeffieiente of lui^ portant laetal iona ha^ beesi 
detezminod in diirerae aolvent ayatane* Aa a reault, a 
maikmg of ternary and ^atertMuty aei^atiQcia 
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emttH iQn« have fieshl«nr«(i on the colwans of stsiiaie 
a0l<»icmr86iiato« vtmdxa li«9 tf&m mlmUmlt mn&^mtm 
ttm m nuctsor of motal ioos* Xtifrsfod ^ tSiomogva^iaietrie 
j^ erformed to tliie ion eenchaiigo 
matarisx* Tim i&XXming pag&9 mMmmtm Urn mmilta io tuiir 
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Btmtile ehioria* AO I^iw iMii«iit» 
I B M oeOim mtmamtm meM ^mm UINMI mt ^ 
hXl {mt&K vmm of rotc^t graas* 
Spmmsis^mmmtxtQ stuOies mm using nmamh 
ma tiCtm sprntemla W cotorlisatdr* P^dtia Eleiav rnoMmlTf 
i^^mtjeei^f^atmsi^ m^ Stanton t^sfpir ti^ mm 
for XB 
gsagsBila 
Saai^los <si 9tmni<s mlmvatVBmatm mtm syntiieaia^d tsif 
«adin9 togvthftr mgummm sointioii m» 9«0iH in ttoaiws 
«»l«iMit« «na in •odium •ei«nit« to 0«08H aqt^ ittoo* 
Aolution of ttamiic ehiorids in it it I. volutM mtio at sfi«» i* 
The sM mui adUttatad lay aaaiti0 aiiuta soiittim) fiCi or ifaOH* 
Tim gHreeis»attt 90 fossiad mm aXlomd •attia doim for 24 ha' 
at tfoam tmme^tam (S$ ± * tt than iiitaifad* waahad 
savarai tStmB with dtninairaiiaad watar ana than dxiad at 
fhia whita natoriai^ irtiao Immrsaai in wataff brdica 
down into anaiior paxtiolea* Tha nateriai waa than aommrtmd 
to a'*' fona bf kaaping in Hi nitrio aeid for 34 h»« 
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o£ aoM WM xmamA hf mshing tim mtxstlaX 
empmttim mm ^t&min^ coltsm mtl^ 
m in ctmpt&s tt* For ^pom 0*lif 0oi«itl.o»@ 
potassiura chloricSd tior® tslkm m oliii^ nt* 
gR 
m BtmnXc mlmooxommtm in H^ tom» ^riod 
at tOEQj^ iratarQO rocordsd usJum? KOr dlso i3otbCKa 
C&if» 13) • 
•ghoiaasl tgoataaoat 
Ttio thosQiooriiiTimotric anaXjrsia tho mten>@tl. In II' 
£ona p&riomod at a hmtiiig rata 
Of lO^Cyfeio. h 0.3S1 g 
the entchancor ms ta^esi far ttila 11*40* 14}« Por 
th* •ffeet of drying tac^^aturd o) the ion ^mtrntge eap«eiti^* 
thft iMtdrifti nao hoat«d « t aifforetst tisia^atoros in a 
mttlm fumaoe for 1 li ittlbU 21). 
POilSiMSSt 
TheM titr«tiots« ifesr® perfoeiaod using 0«S g ot the 
mu^hmger in H* fesm* A 50 lal 9olittioii « « • 
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F IG. 14. T H E R M O G R A M OF STANNIC S E U E N O 
A R S E N A T E IN H^ F O R M 
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MMMmt m 0$ mftm tmasmtkmm m ti^ 















1.0 1.5 2.0 2.5 3.0 
OhTadded (m«<juiv./O.^j ) 
F IG .15 . pH T ITRAT ION C U R V E OF STANNIC S E L t N O A R S C N A i e 
X26 
ftie ^Btxitrntlm oaetilcimim of Bomml mtal lm3 mm 
in ch&ptm XX* mm^ts ©m mpost^ ia TmXrn 22* 
f ^ mm) m» 
fiXiQd Im csoltsmi iSI 
ffiiss&ttto of tHo TOtatl. mm teto ssoiwm mid 
tt^a to li© mtal, imts a^cJKtel bur tlia 
usTO wim sppjriogKriQt© eluting ai|i3at# 
ias0 ftoD' rat© of t^© etMlmnt mm ai«ltitajtij@a at i.o mi/min. 
Qlutlm pmsmmtf mm rnmi Imm in m wH 
frecfelooi® of iSm eftl^&it mm coll-octea m^ ^©winad tef 
stiSKEKSaird mthods* ms ^^tcsmitiM spootro^^ttsci^txleall^ 
potaasitSA as » Sl^ mi^&Um ^ 
Mtai imm mhim®a m tli» ooXtams in ts&l® t3 
m^ fipur®* 
m 4M 
8 8 S § 
R § S 3 t*l <4 CI M 
« 1 » s s 
s i i § w m § !1 2? 
O <M 
in M 
8 S S iR S H in H H H 
O 
i 
III p s § § s ^ s # tfl ^ n 
$ ^ s #"« i»i 
& 
I I i I i 1 
• i I ^ S 
* «fi © r« 1 pfc « w 
iMt 
-- ffii m 04 to 
• s a | a ! S 3 S R ; a 
s s s s s s ^ s g g 
^ « 
^^ K <1. - i <1 
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1.38 
s s s s s s s s 
€* m t* *n n 
§ 8 8 
S S I 
s s s s s s s s s s s 
« 8 « 8 » g I S I S I 
<*l <«l # o> (*% 9 
S 9 S 1 1 
8 S I S 
I i 8 I S 
S g S 8 g 8 S 
" R iS a » 5 « 
s s s! :: s ? 
S S S S S S K S S g 
S S S S S S S o n 
CI M « 
O «» « « « 
i i i S S 
a c» (H 
I » S S 2 2 § 
CI t$ 
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• s a 
• I 
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TABUI 23 
Separations of raotal ions on «t«iiiii« a^iMtiowrsMuit* coltnn* 
coon tmm**mtxam 
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uol* 2000 2i00 40 
s 
O.OSM Citric t ^ a 









0*0^ Citric aeia 
o.ojLn Citric • 
9*01H HCI 
o.diM Citric mm 
HCi 
0*$N HCI 




2Xi*3 2i9*9 60 0«0SM Citric Acid 
384 3S8 39 O.OUI Citric Acid 
0*0SN HCi 
2000 2100 40 O.SN HCI 
(Contd.) 
Tabi« 23 ( m t a . ) 
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6 320 eo Citric acia 
mm li«40 60 0«0llf Citric aoia • 
O.OSH HCl 
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©•QIH Citric iicX^ :> 
o«om mi 
0«$ll tci 



















40 80 120 160 200 
Volumf of efHuent (ml) 
240 280 
nGJ6A» SEPAaATION OF Nl ~ M ^ ^^  « c yZ^  ^  y O^  2^  
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9 0 0 0.01 M '0.05M CITRIC ACID 
CITRIC ACID •0.05MHCI 0 05MHCI 0.5MHC< 
AO 80 120 leO 200 
Volum* «f«fflutnt(mt) 
240 280 
2* FIC.tea. SEPARATION OF Ni^*^ MjZ*. HJ^^^ yof 
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0.0 5 M 
C»T««C AC<0 
O Ot M 
C»TRIC ACIO 






.5 500 ~ 
300 -
too -
AO 80 120 '60 200 
Vtlumt tfflutftt tml) 
2^0 280 











0.05M CITRIC ACID 
CITRIC AC to •OOSMHCt 0,5MHCl 
<0 80 80 120 120 <60 0 AO 
V«lurat gf t r rUtnt (ml) 








• 0.05M Ht\ 0.5MHCI 
0.0 
0.05M ClTAtC ACtO 
CITRIC ACID •O.OSMHCl O.^ M'WCJ 
120 160 0 AO 
Volumt of »ff lutnt (ml i 
200 
J ' lO .K i t . SEPARATIONS OF Nl^*. Z Uo|* A N 0 NfZ*- .2* 
900 
0 0 5 M 
C I T R I C ACID 
O.OtM 
C ITR IC ACtO 
•O.OSMHCl 0 .5MHC I 
0 . 0 5 M 
C ITR IC ACIO 
0.0!M 
CITR IC ACID 
» 0 0 5 M H C l 0 . 5 M H C I 
7 0 0 -
S 5 0 0 
3 0 0 
too -
40 80 (20 160 0 AO 
Vo igm* of r f f l u » n t ( m l ) 
80 120 160 
F IG .16 r. S E P A R A T I O N S OF N i ^ * - Mn^* - U o | * A N D N *-S r-^* -
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900 
0 0 5 M 
CITR ICACIO 0 5 M HCI 
7 0 0 
c « 5 0 0 







0 0 5 M H C I 0 5 M H C ( 
AO 8 0 
2 • 
120 







• • ' R 
0 AO 8 0 
;) 
) 2 0 
AND VO^*- UO2 
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mscoBBtm 
h Gota^rism o£ thn IB, spoctra o£ stasmic tftliKmrsoimt© in 
H*^  torn (drioa nt tatuperaturoal with stmmio ars^iatoCS) 
ooi statmie milm%t&i6) 9twm thso& steoiig poalcs in the rcgioctd 
000-000 iaoo-ieso cci*^ md 3000-3600 em""^ * 'Sfvo broad 
pealc ia tJvo cogion 3O'3O^ 36O0 ceT^ «a4th ij wsiGm at 3S00 coT^ 
i@ c!)amct0ci@tic mt^^ o£ coor<Sitmtion mi gsm^^ fti^ 
eepcma poa^ in the rogioa 1>600*16SO asT^ with a tnastiBiiiia at 
l$ao cnT^ aajf la© ao^ a to mtos o£ crs^atalUeatioa* thic^ 
I?o3lj iD tho irogiop 000-900 CKs"^  mj? bo attribiitaa to ©©ienit® em^  
QJCDOnQto ©EtmpiC?)* fl0?#j39orf tho Ssryiog ts^^sotwfo h^s no 
QS0oct m tha mpjm o£ tho o^cxstm c^ ortaniiio 0@l,^ ioairsQDato 
upto 500%* 
fh® timsmgrm iFlg* M o£ atannio sMtimoaraaisit® ^ a a 
yith s'&mmia araemtssf&Js ehom coatiinimtd idds i » 
Height mAdh m^ Ik> to tho oliadimtion of 
QXtornaX imtdr moiocaioa* Tho in iioi^t fret» 200*350% 
laasr bo Atoigmjd m» tha romovaJt o£ ufttar eioloeuioa bjr ec»i^8«tian 
o£ OK proeoos eoiqi^ ietae at 400% and weinlht boeoiMis 
constant in the eagion 3S0<»400%. The «iei9ht iosa ia again 
obaecved in the co^on 400*SS0% iihich my be attributed to t ^ 
ioaa of 99lmim by vaporisation along itith the gmaaval of vater 
aoleeuiea due to eondenaation of aeoond type o£ m groupa* fhe 
weight agoin beconoa eotistant in the regioi S50<-600% indicating 
eciBipleta Kfaporieation of aeiaf«iUBi content and the capacity of the 
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laateirial. At alaoit ooi»eia«« (0*50 wmq/9) with ttiat of 
etannio ttr8@aat€»« 0«S2 tmq/g dried rurthor 
ImB in 600% la&f im mf^rmA t^ t^ tis losti M imtssr 
iaoioaii€»a bsr coodaoaatioo oS the third of OK grcAtpa alonf 
«itli th® i033 of tttsoaio bjf ^ siaiiar bdiairioixr 
oSdSQrvoa bjr co^tantino in tha casa of stannic ars^iato %fhere 
arawio i a m araeiiio » 
«!ta basis of etoaicai coE^08itian# p&!*titratioa curves 
chansio r^a r^titietrio ana xii studioa* tha folioiiiag tomalm my ba 
proposed for atasmio aaianoaraaoatat 
siiOg* i i j i^^* smo^J • aoEi^ o 
xf i t is asstsaod that t3)0 mi0it loss u{>to 200% is dua 
to th# rtHaovai of ^ctamai wator aioiaeixios. ttm nmaiber of 
tmtar stoloeuias par sioiacui® of tha mxlhm^t eosmopoMng to 
t M a ifsight ioss ara found to ba ti«o# as ealcoiatad W tlio 
faathod ^ Albarti at ai. iti • S'urthart i f i t is aasumad 
that aaiy f^* ioo is axe^ianfad at pR thim ttia ^laoratiffial 
ion «ii^»ao9a capacity oaiealated tram ^la •J»ova focmiia is found 
to tea 2*0 fftaq/g whieh is in good a^ raauMmt with tha ohsanrad 
vaiuas (1,8 aaq/0 from pH titratioo cunra and i*44 naq/g by 
ooimB oparation) * 
The valtias of distrihation ooafficiaats of natai ions in 
savarai aoivwits ara shami in tabia 22« Kd vaiiias in ganarai asa 
lowor in O.OIN HCi as caaiMurad to thosa datansinad in 0*0XM 
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ffNOjO)« effect triit* praiineiit in thm eaam of 
oarth notais* On cmpariag m vmlmt of tmm mrth tmtalo in 
p^^ mt&r ana ttined c^taois, one can eooelvOm that 
Kd rnXms mm adgaliiemtly rnKtitmsoa in aolvanta* A 
c«3iiis>aria<xi o£ K<3 vaiuaa iln puro wmtm: and aqpasoua soltttian o£ 
citric acid rm^aaia that Kd i^ioow for aikaiina oarth matala at^ 
raro aarti) metais ara gaaaraUy Hi^mr in citric acid 
Hcmmej:^  for tranaiticrt mataia Kd imiisaa ara found to hi^iar 
in pitra nimtar, Xt ia 'aiao ^acvad tlmt iiitSi tha ineraaaa in 
citric acid concanti»i4:i<m Kd "(raluoa incraaaa in g&mMm St ia 
iatar@€itino to Glbmsv0 ttm adaospti«»s l>aliavicmr of niatai i^aa in 
0»02ii cit:?ic acid an^ l a naiistucci of citric acid and 0*0iff 
anaonium citrata mreitm, passmcQ of ^monima citrate in tha 
a^ataoi incraaaastba Kd valuta of taetai i<ms with tha oiicasH* 
tion of Cw^ *^ ' and Th^ "^ ' which ahow tJie rewreraa baiia^oiir« 
Hoirairar» tha uptaiea of rare aarthsranaina onaffactad* 
thm utility of material tiaa baan danonatratad by 
adiiaving a nuMlMr of toinary* tasnary and ^patamary Mparatioiia 
of aana inportant matal iona iiatad in tabia 33. Btmnlo 
aalanoaraanata fihowa aMMMytional, bahavioiir towarda ion* ^ 
imnattai aalaetivity for ian can ba advantagaoiiaiy titiUaad 
for ita aaiact/i.va aaparation fram a iarga nvnimr of inatai iona. 
Tha Ainimua amaunt of ion that can ba racoirarad £ron tha 
atannie aaianoaraanata ooiumn iMia fotuid to ba 200 {u^ t tha aMisnt 
of uranium in «any araniuM eontaining oraa variaa frcM 
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0*002«0«.0i3 with an svisragQ of d«008 n* Thi* Im Mioiint of tho 
uTMiiiKt in tlHiir oros am hm at(ttt£iiifi»di UBing •taiinie 
mtmstQAmmrntm t^mm* fhe aaparati^ of wsmiAm «3luiiilniiiii 
and nieSkoX can b» lasod for tho <l«tox»ln«tiofi of Memiwa in maeiear 
fuol atlosra t o r mms^Xe mll&sf ^ ^ m m l v m 
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aSVSEIllCBS 
t C«B« Aa9ihl.«tt« Znorganie Xon lSiich&ng«rfi# SlMViftr^ 
3 It, tncm^ X»org, titiol* Ghem** 3241 (1964)* 
3 StA. iiQO Siaaiquit Aoftl* Chm»t 
i l l * sod 
4 ana SfieXlt Coiorliaetxic (aothods of 
5 K* Utirest)i« tl«s*uatlior@ ond a* Kvemt^  J* Chrcxaatogr** 
269 (i97l,>t 
6 HA QteirosM £lobi« 1.033 (1992) • 
7 m* i>airlodt xn ©rKsejtcoacc^ aofl taoieoular ©tawstor®* 
Q a* Costdotina ana ^ Oasperooi^ ChrQsatogr«« 289 
(I.WJ • 
f ©• Aibortif p,c»Q9lli* tivCcNitttntliio ai%a 
Xnocg. CIm»I,# 571. (X1I67). 
m^mmam, mammm Mm mmnmcM, 
mmamm& w musmmmB 
mBprnh^mfmopmrnm mm immmtcm 
ae mTOMiLxrm srainic 
tt boon (Sso&e^foa that 6ouSs1q &QXt9 o£tm oschitdt 
mot OS tho ioxsaehango sta(3io9 roportod in th® oixa o£ 
itmgmlo Im^m^tmigm^ are Mead m mmt^ms 
pro^iets* aircouiiss io pzotsoi^^ mm taost 
dtoOiod <Xf9tiQllim nocontXv 
fi^ttmoiB and proi7@rtl.ed of crsrstalliiiie t i n CSV) 
tms been r@port©a by daisi et a3.»{13K 
Cryataiiin® inorgasiie shoer mp&eiosXti m & r 
morphenw proaucts la many jmp^tB* /m^phoas aro 
rvsti^etod i n th@lr applicatioci m th&y xm6&sgo 
^ i r ^ o l y a i s mrm i n tfottieiy aiJcaiina or tacmtrol. soiutions* 
fiorttover* tho crsrstalUna proaucts ara r i g i d i » tliair stroetiire 
and rvvarsibXa in natiir®* avnthosis oS crsrstaiiine inorganic 
iOf)«®9ichangNir« i « aiso is^rtant In ordar to t»)der»tcind tho 
iBocnaniim of aaiohwiiga oXearly. 
itKi pnaaaQt ctiaptar daais ttm «yntliesis« i c ^ 
ax^kanga prpporties and analytical, applications of stannic 
•aianotungatate as a am iaostittiic ion-aiichanger* 
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wamlmm^a^ 
8tamiie <Mor&a0 (Boilear atial7at«<l* Soaiom 8«lonite 
sodium isa»0st«ta mm v a ^ for ttui 
ts$nt$iQBl& of stannio salcmotiiiigetato. AiJt other ch^ca i s msm 
of analfticaX reagssit qsmS&m 
imsmB 
@C apaotr<^pliotoi!ioter GS d66l> for SUco 
lil-lO pfi^ootar for pn taoasuicwwitst PerMu Binwat modeX 137 
o^Qtropltotoaetof' for W. QtxtSiS,m§ H-ra:^ aiffraetom^tor PW l%40/90 
for K-cr^ sr onaiysi© ond Stanton ^lenadbalanco typo for 
mm tisod* t«i>arat!iro cwstroiloa ahaJsor «oi€5©' was txsod for 
eti^ing porposos* 
SSBtiEHS 
staoQic aol^otuagstat® %mm pmpwe&d adiSin^ 
togotner m aqwKius mixtaro which 0»0SH in sotSium solofiito 
•lid 0«0Sit in 9oQXm tmg9ta,tm$ to 0«QS» «itioou9 nolution of 
atannio chiorido in varying voiuMt ratios and at difforont pH 
values aa indicated in tablaa 24 mA 2S* Tba pB of tim 
mixtuna was adjuatad by adding aithar m acid or a baaa and tiaa 
thm kapt for ona di^ at roon tai!«>aratara« Thm whita product 
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rmmm mcQm mogmtm a^a ttiiG ari«a at ftio pwrtlel«s M 
mt^ mto dbtaXmaA ^mm tho pcodtict wsm immemSi 
&t» Mtnttra i iM wmtmt* thm mt&ci9X wm €smv9rto& to n^ 
fom by tsmtlng i t with on® nioiar oitrio aoia for 24 tis at 
25 fho exoass ooid m» vmamod luetar ae^i^ai ifisSiicigc 
xaith notorial. m » finaiif at 
40% ia ao civ^* t ^ o s qesS 2S l^oatesib® tl^ ct:»»litiaci0 of 
and tm pcpp@rti#a of tlio ioMsie^mi^o mt@rial« 
Xm Qxdt%a»o0 capi!^tio0 tm msm mm cM cations 
©CO reported in taDio ai* ^ 0«S g mtchm^ in nm n'^ fom iras 
t^m In UiQ cQlmmrn ttm tf' Imo- tioro than oiatod ^ o^PtS^^ 
m® laolar solittioii (ijfl « 6) of catioos* Ttui fl*^  ions in tl)o 
otMtmmt mso ^tosiaino^ aftor tit^atiia^ againeit mtm^sae^ 
eoaitKi ©oitttiou* 
g^ f f l fH iWIHiar 
A 0.5 g oi tii« sMtoriai Itsnpio VM i^tdsm with SO tal 
0f tlw «olir«»t of iatttTMt for sin tan at coom tflia^ratiira* timiM* 
mmlmlmk and tuogatao mem dataminad &pmt£0si>0itmi$Ma^lt 
ming haeaateiwUn* i^ otaaaioei ioAiaa and potaaaiiwi thioc^anata 
aa eoiancifm saagaota vaspaetivaiy Cl4«XSfl6l« tim iraaiilta ara 
givan in tilsia tf* 
148 
Tmm ae 
laatcjrtca tiiit^ dieeoimti ca^tai ioo® at as x 
rjetal. Salt tsftoS ataimie Btmmle t«i»0(itate , .tattootat® 
UCI l.»l§ 
na* nasi 0.96 o«so 
ml a,7S 
CO®* cataOg) 2 •m *» 




Cliinaieal. stedsiiit^ o€ mm tixkiW based 
Btaxmi^ ' h 'atumnio' wkimM*^ 
Z. 
0»0 0*03 OM 0*00 O11O0 0*00 
411 sritfflc aeia Ul m O0OQ 0«S4 0*00 
In mxtmic m m oas 2*50 
m m- 4*20 
PorcDicsrio 
aoia m •• IM o»oe 0*00 0#00 
0«l!i OxaUo •mn » o«oa o«id 
o.oin sodiisB m m m 2&»00 0*40 0,4S 
m Ae«Ue mid m m m o.oo 0»00 0*00 
4» wmrnlu MtlA - m •• m 0.00 0*00 0.00 
ISO 
mmkjmmssu 
mm f^ iofioDgrfinriiMtirio of ttm im'^ mxibmgm: ia 
focm mm p&viom»& at m hmatlng mtm of 
thomogram of ttxi taatoTiaX io tStiOm ixk fi^tiro flio ^ f eo t 
of tmtinQ otn ttiei tm^rnmss^brnga ess^^tistit^ of tlie matsriaO^ wm mtm 
«xa3iiio<S« ®te ec^^ity for it'*' ions airo ri^ jortawS 
in taJ;^ ® tlia faatoriai in ^ l^cm neio trntod at tho aes i i ^ 
toe^ ms'Qtiiim for i !i in a mf f io ^innlco* 
A g ^ ^ ^ in !)ot oaot^tm^^ 
lifdyrocMorio noiS* litio iiolixtloci was csoolM ana aii^xM* 
mlm^'milBl w&m tte) i^imif^xoj^i&bamtsei^ly* 
cmtmt wm dotosiainod lay ^vlmotric 
fOMp OMithoaCiOl f(Mr titrations 
ittfifig ii«iei«ii«on ayateRi* For tIMti purpose 0*5 g of tbte 
iMtariai mB with nl tlio ooiutioo* figuro ift 
rspTMont* tiM 9N«titratioii m e v of «t«fmie •el.oiioteinostAttt* 
XEJBIiUlll 
«lMi infraroa i^ NM t^ra of orystailiiio saieplo CSSM^ ) driod ftt 
diff«r«nt ^mptamteimm wmm olHMkiiMid potttssim broniao ai«o 
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FIG. 17. THERMOGRAM OF STANNIC SCLENOTUNCSTATE IN H* FORM 
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I S S 
For ^ittmum mtA^Bt^f mmgaxmrn tlltmnA 
rodiftUcct WW ta»oa» TtMi wmt^ m (4ri«a at 40%) in 
hf^eogm foxm m» vm&t 'Smsl^ 30 fiiturv 2d iriboiy tlm s^my 
c^ iitsJLtmiii 
sdgti^tiai for setal latm in 
peeM&ciG mid m&^m wm^ iMtmsMa^ hg n Eiiit>U«li«a iMithoafif)« 
fim ©atGjdtal (SCKioa »im> mo ^quiill^tcKS 
ijith amtim ^u t io i® ati ^ ^im mmUt^ wcq giwan tn 
ti»bl« 30# ^ mmM ima in t3i@ doi^tloo after md be£<xe& 
tmmtmmt idth tSm sxcfiaogoxr w&m dmtom^aad ESiTh titmtimm* 
metoim vm mUmted t^mtxvisib&tm&trie^l^iSO)« 
XMpovtant •^rtttiwis of imm mtm mMmfod m the 
eeiuMis of otonnio ooionotttogotftto* ttio ttixitim mtsmm 
0mH mt of tm»mt%%im9 mem •HQPIMI in fifurot t l^arc . For 
oMli ooporotion^ g of tlio onoHoiiger (SO I^GO iMiit «iso> 
in liyaeoQtB torn m» takan in a ctAwm of id cm mi^ 0Mm 
wool oapport* ftio niiitiiira of thm mtml ions acAution waa 
aflaoclMid OKI tha ancdmagair boada* Wem oHaiiaiigo wm naaliad 
«iitli 4aad»aralisad imtar* tlbo laatai ieoa waro o3lttta4 ifitfi 
lU 
tmm at 
X^mst ^ t a of ftnCXir} «a3lQEieitu»gst4it@ 
(Bma^ti umt^i 
Angle d - pmik 
6«40 0«64S1 B 
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FIG. 218. SEPARATIONS OF Pb^ -^Cf-^ *, Hg^  - Mn^ -^
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(Ikw^ V i O B W ZOOO J® ^W IO A 
msigmt md eoliootod ipi 10 aH fraetlOQs « t ttm 
Mloni mto of IS ^apopoAain* Stso m&toX iois thm Htftat^ 
«gainst EOTA aoXutim* 
U 3 
maemmm 
tt i s 9pi»£«Qt from taM« 24 that tho aiiiiiig ratio of 
ff^gmtB io tito of stanoie saloootuogstats io Couna 
to affoet tho too oxchaogfo oapisoit^ to mm mrtmt* Tim ae^^it^ 
is fomd Mglior fos* i^ Ti^ so saeipioii fiibicfbi hmro tfom iirKparod ^ith 
tsio^ bs^ r eoncQoteations o£ oitlior aoiofiito or tuogstoo in tho 
TmXrn 35 at^ svs ti^ ta ttm iff oo 
tNi mixi^ ffolutiooD* Bmtmm tiio ea^n^tF 
a|yc:K»#t ^ t i t m^m to miaq/g x^tm ttm saeapio 
is propaiTdd at £1^3* tioifm^# i t hm ham eibmsv9& that ttia 
cis^acit^ 8i9Di£iesnti^ inoeoaood (i»3 i»aq/g} tfhfm tha prapacation 
of stanaio aaiatiotiingstata ia ia bighisr aoiOio raadim 
C ^ pHK 
tlia etaiiDio aalaaotmigatata aaa^o (isti^) haa h&m foaoA to 
posaaaa ai3 ion^OMehanga oai^it^ highar than ataBuiic a<il.aiiite(2l.) 
ana ataaoie tuagatataiaa)« 
Xt ia intairaatisif to nota that ataimio aaianottmgatata 
{mm^}^ praparaA hy ttlxiiiQ ataanio ohloeiaa« aoaiun aaianita ana 
aoiiant tungatate ia tha ratio of 4iXii at {MMO^  ahoim tha 
onrataliiika ehacaotar, fhar^ora* thia ampla tma laaao 
for aataiiad at«»dULaa» 9ha data io ttiE>ia 36 abowa tliat iao* 
mm^ magm oapaeitiaa for aUiaUaa aartha ara hi^ar than for 
aikaii iiatala aa mtpmtmd* «liia ia is aeeordiiica w i ^ tha aiaa of 
U 4 
tim tqrcSraM of €tm m&tml* Zo tho aum of ellcaii 
ttio capaeitjf iacmsLma tSm b^mssmm ia tAm ot the liirdinitea 
radiiiis o£ tDd ioos* the for ttJlIcalino ttartu 
fuetuls raisaloa almost em»tmt m « h o r o is ^Siff^riMic^ in 
t^o siao of ti^aeataa r ^ i of tiseo© isetala* 
atskcmie eoiimotimastttto i s lii^niar stabia ia as^ a 
Q^molsi&ilQ omcmtrntlmm .of stii^iirie acidU nitxAo {icid# 
oscaiic mild (s^ ion cssmmtmtXmn of hsr^ Sz^ odiiotic 
aoia mxC^  h^wtAM* ^ emm^lsm of tho ciioBsicai stability 
of tioClt^l basoa ias BHnmm that stcmntc 
t£ioo@tiit® i@ caoro stdbio staonic soio^^to m^ etasoio 
tisitliit€ite (^a l^ at) • m ^ v of dmioai staiEsiiits' of vsrloas 
iockHttieti®»g#r8 mm ^  foiiotiiat 
s t a n n i c o o i k m & ^ m ^ m a t Q > a t a n a i o t ( 3 n g i i t o a r s < m a t o C 9 3 > > 
stasmic 
ftui io» oapaoitsr is aiso affoet@a Issr axifin^ 
tse^oratores of tha matariai* ftie ^ata iUi tabia ioOioatas 
that ataaoio aaiaootanoatata ia thanaaa.iir nK^ ra ataibia than 
atamiio tiuigatata* staimio aaianotim^atata ahowa oonai^rahia 
iooHMMdiaiiiga casMMSity C0»34 inaq/0) am^an ition fStm arsring 
tanipwratiura ia raiaad to and can Wm tm 8af«iy tiaad aa 
an ion-awehangar* On tha othar hand atannio tongatata ioaaa 
ita ioo aiKdianga eagmoitF «Ifi»at ooeai^ataif «iMn a avsring 
tan^aratura ia 
u s 
Vhm Khenaograiit ^ utaaiiie mlmto^ mgmtmtm |tig» i7) muf 
im ititd£preted M foliowi. fhe saatariaa oKpttcidiicoa « oootinuioiis 
loM in mimt' %) SOO^ C iihieli can hm attxilMtoa 
loss of Qxtojroal imtor Vha ^might loss in 
rogim a00«S50^C mf h& ^xm to irsiaof^ ai ofi mtor tr)ol.«»a3l@0 
aae tiSt eoQi&mmtlm o€ OO g e o u ^ and i s aoco^panio^ tf^ lo@@ o f 
Mi^iiitsia bar vaporisaticn* £io proiiifiant vo i^ t loos i s tmm^ i n 
th. .rai l r^tgo 3»<V: to «00Oc «bich probably indicate. 
looB of t/g v^sorisation* fti io ooticiusiois 
ia a i ^ empjortoa aasciiango capaeitr ^ t a at S^tmm 
tm s^m^^ asoDrn ^ t ^ io 400%^ 
aaeoiai^ ositioc^ of ^le isat^ciai »t&et9 trtsic^  oontin^ms ujpto 
tm& in in iMa cagion ms^  irofanred to tha iosa of 
watar n^aoiiias hf oondenaation of ttia otehar tfpm of OH 
and iosa of tun^atao* IMa ia in good agvaanaat ^ 
tha eas>aeit7 data at ^OMOO^* ^ha ci^paoitr radoeaa gradoaliy 
aftar «00^C and vaniahaa ocaviataiir at ftia wai^ht 
baoomaa eonataat aftav 900% diaa to tiia facnatieii of attfeAa 
aidtdaa of sMtaia* 
viM noiaxr oan^eaitleo ai ataanio aaianotno^tata shQwa 
l ^ t tin(Zir)# aalai^mi and tungMn ara praaant in tha satio of 
7tiiid* ftia fif titiratian oasva tAvmm bifunctionai isliairaetar of 
atanaie aaianotaaffatata ( f ig . wharaaa #taonie tnngatata and 
atannia aalanita ava found to ba awiio* and bifonetionai 
ttmtpmUrmlfUUM « 
S«6 
m tpoetv* of •tttnaie •«}.«motiiiiaitiil» driid upto 
ir»atnl>io oth«r 40a stioir « h m p^ales Ifig* 
h mA hemA in the t ^ m 3900*3399 mT^ tmpmmmt 
tue inttsls&tiiil Mm* mtm on groups* matitmc 
peak in tt^ ronton 31700*1509 iHLth « onidiaaii « t i«ail 
of ifitei»ti«ial «mt«r» fti® Cbiard peiH in tlui 
U00*2$0 m T ^ m f tm ^ to tsetoJl^OKfgm b o i ^ * i i 
dlfifwre»e« in SR fliNMtrft of «ti« fom ad^ tiMi fosm 
of the i w i ^ i * s t 
flMi Mrmst 0Xtimcitim pattern euggeftte l ^ t etennio 
la o^fdtaWs^ iti 
^ end other reenlts of etennio eeleikotaiigeteto em 
g iv^ in tiibie and figiire 20 • 
On the hmsiB of chemloei aQnpOfitiOD# titi»ti«ii« ^memo^ 
grevisietric and m etiidiea* the foiionino tentative foxsnie my 
he aseipied to etennie eeieiioiiitiQstatet 
I f ttii the eKtecnai water Heieeitiee are leet upto tOO^f 
the peccecitegie weii^t ieee ie l,S9t« Yhe niMiber of water tt^eeulee 
wee then oaieaiated hy the method of Alberti et ai«(2«>* She 
muBsmx of eictemei no le^ee per woXeeuIe of the esicmenger are 
feiBtd to he 4S« the femaie therefore can he rewritten a«g 
U201 
The BioiocuXQ omtains oioetaem repiaceaMe hist^ tcogm mtaam 
msaovdltiQ to tho eibam fonmiln* t§ i t ia ttsstsiaafi tha^ 
TH"^ icms tsxo daichatigc}^ pH •• d them tha Imt^^omhrngQ capacity 
ca:ica2,atod firoia fonssiia 2 i « 0*91. taoq/g «r!)ich is mt^ cloea to 
tha 0»po£lsK2ntaX waiuo uti-^tratim when 
the lit o£ tl3© coiTitiu?^  id imsoama upto 6#S« th@ eapaoit^ m 
ifidioate^  |fl«titiratioQ conm hoo-mm 2*4 tssieq/g oxt^  su^ l^ osta 
ttio moomtlGiil im^jschango tsm^t^ o£ tho 
^ o a tho ^ ^ talton i n t o 
ccmsi^rat&osi* 
VCio ^ t a i n tiSbis 30 slioir that Kd vaiiies Sos m t a i ioeio 
aocroasa i n gooocoi with tlio i a c r m m i n tbti cmcmtratim 
oS porohiosle acia* sd traitio® o£ m d ob®*^  aro 
oaficoptiOEialiy tiigii i n ^ X cmoentratioos of acid* 
b^vioitr of Oa '^' l& <|uito aiffocent firdm ot^or ailmiioo 
eartli md mat^cm^ cm be mlmstiv^l^ ixm 
ft «ii3iture o i neta i ions on atannio ^aianotongatata* 
On thtt toaaia of tfiffarantiai saieotiirity of tmtaX iooa 
in variooa eoneantrat&ona of pajnehiorio acid#a miBal^r of 
inportant aaparationa hava toaan aehiavad <iaantitativaiy using 
atannie aalanotangatata eoimna* Tha aiutien corvaa of matal 
iona aaparatad fram otia aaothar aro ahoim in f igu^a 2l/w2iC» 
168 
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26-12 © 7982 The Chcmkal Society of Japan Bull. Chem. Soc. Jpn., 55, 26-12—2(rl/J (1982) [Vol. 55, No. 8 
A Comparative Study on tlie Synthesis and lon-exchany-e Heliavioiir 
of Tin( lV) Salts of DilTorent Iletcropolyanions. Separations 
of Metal Ions on Tin{IV) Horatoniolybdate Columns 
Syt:il ASIITA^  NAIU,* Zi;I M i i l m i o o d SIDDIOI, and W a j a l i a l Uinai- 1"AI«X)OI 
l)e/iarliiiciit of Clieniisliy, Alij;aih Muslim, Uniuersily, A!ii;ai/i-2(J200/, luiliti 
(Rccoivcd Oclobcr 9, 1901) 
V a r i o u s s a m p l e s of l i i i ( l V ) h o i a t o n i o l y b d a l c , l i n ( l V ) b o r a l o u i i i g s l a l c , l i n ( l V ) b o i : U o | ) l u ) s p l i a l o , l i i i ( I V ) 
a r s c n a t o b o i a l t a n d l i n ( l V ) bo ia losuH 'aU- lias b e e n s y i i l h c s i z c d b y mi .x lng a q u e o u s s o l u l i o n s of a p p r o p i l a K : ix -
a g c n l s in diU'ciciU v o l u m e r a t i o s a t j ) l l — 1 . O n e of t h e s a m p l e s of l i n ( l V ) b o r a l o m o l y b d a l e h a s b e e n s t u d i e d 
in g r e a t e r d e t a i l f o r its i o n - e x c h a n g e c a p a c i t y , t h e r m a l a n d c h e m i c a l s t a b i l i t y , p i l - t i t r a l i o n a n d c h e m i c a l c o m -
p o s i t i o n . A c o m p a r i s o n o l ' i c w | ) i - o p e n i e s of l i j i ( l V ) ) . ) o j a l o m o l y b d a l e h a s b e e n m a d e w i t h o lhe i ' l i n ( I V ) s a l t s 
of d i l l e r e n l h e t e r o i u i l y a n i o n s . D i s t r i b u t i o n c o e l l i c i e n t s of m e t a l i ons o n i i n { l V ) b o r a n H n o l y b d a t e in w a t e r , 
n i t r i c a c i d , w a t e r - d i o x a n e , a n d n i t r i c ac id-dio .>;a i lc s y s t e m s h a v e b e e n d e t e r m i n e d . D i e e l l ec t ol' l e m p e r a l u r e 
o n t h e s o r p t i o n b e h a v i o u r of m e t a l ions h a s a l so bcef i s t u d i e d . I t h a s b e e n f o u n d t h a t A',, v a l u e i n c r e a s e s in g e n -
e r a l w i t h t h e i n c r e a s e in t e m p e r a t u r e . T h e d i l l e r e n l i a l s e l e c t i v i t y of m e t a l ions o n t i n ( I V ) b o r a l o m o l y b d a l e 
r e v e a l s t h a t t i n ( I V ) b o r a t o m o l y b d a t e is a u s e f u l ion e . x c h a n g e r for t h e s e i j a r a t i o n of n t e t a l ions . As a r e su l t t en 
i m p o r t a n t s e p a r a t i o n s h a v e b e e n i i u a n t i t a t i v e l y a c h i e v e d o n t h e c o l u m n s of th is i o n - e x c h a n g e m a t e r i a l . 
T h e w i d e s|5icad app l i ca l i o i i s o f sy i i lhc l ic inorgan ic 
i on-exchangcrs lias n o w been we l l establ ished. ' ' R e -
cen t l y ihcy h a v e been Ibtind u.sclul in po i t ab l e renal 
dialysis units. S imp l e salts ol ' meta ls as i on-exchanger 
h a v e been much stiiclied as ( -omparet l to doul ; ic sails. 
Ear l i e r studies'^"' ' show that ini.xed salts usually ex-
h ib i t l i igher i on -exchange capac i t ies and Ijetter ther-
nial and cl icni ical stabi l i ty a.s co inpa i c i i to .sinij)U-
salts. A l i t e ranne s invey shows that number o f 
t i n ( I V ) salts' '- '" have been studieil as ion-exchangers . 
But no systeinatic compar i son has been made on the 
ion e x change propert ies o f these mater ials . In the 
p icscnt pa j j e r we tl iercloi 'e de.scribe a c o m p a r a l i v e 
study on tlie syntliesis ami ion-e.xci iange behaviotn-
o f a new series oC l i n ( I V ) ion-exc i iangers based on 
boron . ' r i u ( I V ) b o r a t o m o l y b d a t e have been chosen 
fo r detai let l s tmly o w i n g to its high exchange capac i ty 
and bet ter chemica l stabi l i ty . 
E x p e r i m e n t a l 
Reagcnls. • r i n ( I V ) c h l o r i d e p e n t a h y d i ' a t e ( R c a c h i m 
U . S . S . R . ) , p o t a s s i u m t e t r a b o r a t e (!!. D . H . ) , a m m o n i u m 
n i o l y b d a t e (15. D . M.) s o d i u n t t m i g s t a t e (IJ. D . M . ) ; . sod ium 
a r s e n a t e (B. D . I I . ) ; s o d i m n s u l f a t e ( i v M e r c k ) a n d p o t a s s i u m 
d i h y d r o g e n p h o s p h a t e (K. M e r e k ) w e r e used.. O l h e i - c h e m -
ica l s w e r e of a n a l y t i c a l r e a g e n t g r a d e . 
Ajipiiiatui. The s p e e t r o i ) h o l o m e t r y a n d p l l - m e a s m e -
m e n t s w e i f p e r l o i n u - d u s i n g l i a u s c h iV l .<imb .Specl i 'onic 
2 0 C o l o r i m e t e r , Mlico L I - 1 0 p i 1 - m e t e r r e s p e c t i v e l y , A t e m -
p e r a t u r e c o n t r o l l e d s h a k e r " S I C O " w a s u s e d for s h a k i n g . 
Syiilliesis. S a m p l e s of t i n ( l V ) b o r a t o p l i o s p h a t e , tin-
( I V ) b o r a t o s u l f a t e , t i n ( I V ) a r s e n a t o b o r a t e , l ! n ( l V ) b o r a t o -
t u n g s t a t c , t i n ( l V ) b o r a t o m o l y b d a t e w e r e p r e p a r e d b y m i x i n g 
a q u e o u s s o l u t i o n s of a p p r o p r i a t e r e a g e n t s u n d e r t h e cond i -
t ions i n d i c a t e d in T a b l e l a — e . T h e d e s i i e d j ) ! l w a s ad-
j u s t e d b y a d d i n g e i t h e r d i l u t e h y d r o c h l o r i c a c i d so lu t ion 
o r d i l u t e s o d i u m h y d r o x i d e s o l u t i o n . 'J ' l ic p r c c i [ ) i l a ( c so 
f o r m e d w a s a l l o w e d to se t t l e d o w n for h w a s h e i l .several 
t i m e s w i t h d e n i i n e r a l i z e d w a t e r ( D M W ) a n d f i l t e r e d u n d e r 
s u c t i o n . It w a s ihe j i (lrie<l at •!() "C: in a n o v e n . T h e d r i ed 
m a t e r i a l w a s t h e n t r e a t e t l w i t h l ) i \ j \ V r e s u l t i n g c r a c k i n g 
of t h e subs ; t a n c e i n t o s m a l l e r p a r l i e l e s wil i i s l igh t evo lu t ion 
t)f h e a t . T o c o n v e r t t h e s a m p l e in h y i l r o g e n ion fo rm, 
t h e m a t e r i a l w a s k e p t fu r '11! li in 1 m o l i l n r ' ^ n i t r i c acid 
s o l u t i o n s . I t w a s t h e n w a s h e d wi l l i D M W lo r e m o v e excess 
a c i d . T i n ( I V ) bcH;il<.m<.lylKl;.l,- s . n n p l e ( ' M i M , ) h a s hecii 
e h o s e n fo r d e t a i l e d s t u d y o w i n u n> iis h ighe i ' i o n - e x c h a n g e 
c a j ) a c i t y a n d h i g h e r e h e n i i e a l s t a b i l i l y as c o m p a r e d lo o the r 
m a t e r i a l s . 
Ion-exchange Capacity. T o d e t e r m i n e t h e i o n - e x c h a n g e 
c a p a c i t y of t h e san i i ) l e , 0 . 5 g of t h e i o n - e x c h a n g e r m a t e r i a l 
in h y d r o g e n f o r m w a s ] ) l aeed in c o l u m n w i t h g lass wool 
s u p p o r t . T h e h y d r o g e n ions w e r e e l u t e d wi t l i 1 m o l d i i r ' 
s o l u t i o n of d i f r c r c n t sa l t ( T a b l e 2 ) . T h e h y d r o g e n ions 
r e l e a s e d f r o m ( h e e x c h a n g e r w e r e l l icn d e t e r m i n e d by ti-
t r a t i n g t h e e l l l u e n t w i t h s t a n d a r d s o l u t i o n of s o d i u m hy-
d r o x i d e . T h e i o n - e x c h a n g e c a p a c i t i e s for C u ( I I ) , A l ( I I l ) , 
a n d F e ( l l l ) w e r e t i e t e r m i n e d as fo l lows. 
10 cm^ s o l u t i o n b f t l ie m e t a l ion of k n o w n s t r e n g t h was 
p s e d t h r o u g h I g e x c h a n g e r in h \ ' d r i i g e n f o r m wi th a 
Mow r a t e of I.'.! e n r ' m i n ' . T l u - c l l h i e n i w a s pass i 'd diroii | ; l i 
t h e c o U i m n s e v e r a l time.s to cn .suic i r p l a t i i n e n l of max inu i i i i 
h y d r o g e n ion of t l ie e x c h a n g e r . T h e c o l u m n w a s then 
TAtu.i; la. .SvNTiii-sis AND I'KOI>I;RTII;S OF TIN(IV) UORA-IOI'IIOSI'IIATE (Tlil') 
Conditions of synthesis 
Sample 
No . 






0 . 0 5 
0 . 0 5 
0 . 0 5 
0 . 0 5 
K . B ^ O , 
( m o l d m " ^ ) 
K H . , P O i 
( m o l d m - ^ ) 
M i x i n g 
r a t i o 
( v / v / v ) 
p H 
A p p e a r a n c e 
of 
p r e c i p i t a t e 
A p p e a r a n c e of 
b e a d s a f t e r 
d r y i n g a t 4 0 " C 
0 . 0 5 0 . 0 5 1 : 2 : 1 0 - 1 W h i t e g e l a t i n o u s W h i l e o p a t p i e 
0 . 0 5 0 . 0 5 1:1:2 0 - 1 W h i t e g e l a t i n o u s W h i t e o p a q u e 
0 . 0 5 0 . 0 5 2 : 1 : 1 0 - 1 W h i t e g e l a t i n o u s W i i i l e o p a c j u e 
0 . 0 5 1 : 2 0 - 1 W h i t e g e l a t i n o u s W h i l e o p a c p i e 
1EC») for K^  (mecjuiv./dry g) 
0 . 7 7 
l.IO 
0 . 7 3 
0,?0 
Y i e l d o r d e r : T P > T l i l ' . , > T U P ; , > T B I ' , , a ) I o n e .xcl iange c a p a c i t y . 
A u g u s t , 1902J Iin(IV) Sills of DintuiU Ht u lopol) anions is Ion c.\ch ini;L Mxtciuis 
IAIUI 11 S\Niiiisis AND luoiiunis <1  NN([V) IUIUA losui i \ n (Ills) 
2615 
Condilions o( s>n(li<,iis 
S i m p l e 
N o .SnCl, Kjli,0, Ni.SO, 
(n io l d m - ' ) ( n i o l d m - ' ) ( m o l d m - ' ) 
Tvl i \uig 
r a t i o 
( v / v / v ) 
PH 
A p p ( a r a n c c 
or 
l i i c c i p u i t i 
A|) ) ) ( II IMCL OL b< ids illti di^ inc; It 10 "C 
I I C loi k ' 
(mL( )u i \ /d i> R) 
713S, 0 OO/i 0 0') 0 0 5 1 2 1 0 - 1 W h i l e g c l i l i n o u s W h i l e o p i que 0 55 
i n s , 0 0 O'-i 0 0 5 I 1 2 0 - 1 W h i t e ge l Uinous W h i t . o p i c p i i 0 10 
I B S , 0 iV)!! 0 OS 0 0 5 2 1 1 0 — 1 W h i l i 1 Unions W b i n o p upK 0 22 
I B S . 0 ( r . 0 ( f i () 0 5 1 2 1 0 1 W lull f > 1 tlinntis W i n d o p UlIK 0 15 
I S 0 ()'•) 0 05 1 1 0 1 \ \ lu l l I'l 1 IIIMOIIS W i n n op lipif 0 17 
Y i H d o r d ( r 1 U S , > i n S , > I B S , > I B S , > I S 
IAIUI IC S\NIIIISIS AND IHOP/UMIS OI NN(lV) AKSI NA IUIIOKA II ( A l i S ; 
(^ondil ions ol ss nl IK SIS 
S a m p l e 
N o 
S n C I , 
•ill O 
M i x i n g 
r a t i o p i I 
( m o l i l m •>) ( m o l d m (nu l l d m - ' ' ) ( v / v / v ) 
I B A , 0 1)5 0 0 5 0 05 1 2 1 0 - 1 
1 B A , ' 0 05 0 0 5 0 05 1 1 2 0 - 1 
I B A , 0 0 5 0 0 5 0 0 5 2 1 1 0 - 1 
l A 0 0 5 — 0 05 1 1 0 — 1 
App^  II iiu f ol 
piicipinii 
App( II (lit ( fil 
IK uls ill( I 
d i M i i t ; II 10 ( 
W h i K t f i l i U n o u s \ \ liiU 0|IU|1K 
\Vlllt( I ituious \\ lut( oji Kpu 
W h i l e T;( ITIIIUHIS W h i i i o p i q m 
W l i i i t u ; i ] i l i n o u s W l i i i i o p u p u 
11 ( lo, K 





Y i e l d o r d e r I B A j > 1 1 ! A , > I l i ' \ , > l A 
IAIIM 1(1 SsNiinsis AND puoiriuiis oi iis(IV) IIORA i (miNt si A 1  ( 1 lU i 
C o i u l i t i o n s ol s ) i i t lRs ib 
SnCI, No 
( ino l d m ' ) (nu l l d m ( m o l d m ••) 
k ; l l / ) , N i ^ W O , 
M i x i n g 
1 n i o 
(vA/V) 
p H 
A p p i II UK < 
ol 
pi ( ( i p l l III 
App< Ti i n n )! 
IK ids a l l ! I 
d i > i n g u 10 ( 
II C loi K' 
( i i u q i n v / d i > ir] 
" I B F , 0 05 0 0 5 0 0 5 1 2 1 0 — I W h i t e g( h l i n o u s D i l l ) vvhiU s h m \ 1 1 
T B T , 0 05 0 0 5 0 05 1 1 2 0 — 1 W h i t e g e h t i n o u s Y e l l o w i s h g i e e n 1 J 
I B l j 0 0 5 0 0 5 0 05 2 1 1 0 - 1 W h i U g( h l i n o u s W h i t e s h u n 0 0 8 
I 1 0 0 5 — 0 05 1 2 0 — 1 W h i t e 1 i t m o u s Y< l lowisl i g m n 1 15 
Y i e l d o r d e r J131 , > 1 l U , > I 1 > 1 B 1 ^ 
IAIUI I c S-INTIILSIS AND i - R o r r i n i i s o r niN(IV) HORA LOMOI •s IIDA i L (TBM) 
C o i u i i t i o n s o f s y n t h e s i s 
A p p ( ai a n c e 
ol 
p r e c i p i n n 
A p p e a n i u e ol 
b e a d s a f t e r 
dr> i n g a t -10 "C 
S a m p l e 
N o 
S n C I , 5ir,o (NH.).-
M i x i n g 
r a t i o p H 
irc f o r K+ 
( i n e q u i v / d r y g ) 
(mil l d m ' ) ( m o l d m - ' ) ( m o l d m - ' ) ( v / v / v ) 
1 B M , 0 05 0 0 5 0 05 1 2 1 0 - 1 ( i ( 1 i d n o u s ^ ( l lowish 1 12 
ye l low ish s ln i i ) 
I R M j 0 05 0 0 5 0 05 1 1 2 0 - 1 W h i t e 
g r a n u l a r 
W h i t e f ine p o w d e i 
d i s [ x i s ( d w h e n 
i i n m e i s i d m w i l i i 
T D M , 0 0 5 0 0 5 0 05 2 1 1 0—1 C e h l m o u s 
ye l low ish 
Y< l l ou ish 
s h i n y 
0 0 « 
I M l 0 05 0 0 5 1 2 0-1 W i l l i e 
gi u i u l u 
\ \ h u e f ine [)0u d i i 
d i s p i I St d w IK II 
miiiK isi d in i l t i 
I M j 0 05 — 0 05 1 1 0—1 G e l a t i n o u s 
y e l l o w i s h 
\ 1 l l o w i s h 0 6 8 
I B 0 05 0 0 5 — 1 2 0-1 W h i t e W h i t e o p a r p i e 0 11 
g e l a t i n o a s 
Y i e l d o u U r i n \ I , = 1 B M , > 1 M ^ > I B 
2G14 Sycil Asui-'AII NAIH, Z'ui ^^:ll^lUKxl Siuun^i, a n d \VajaIi;U U i n a r I'AUOOQI [Vol . 55, No. U 
washi 'd wi th wa l iT Ull llio ol l lucnl IVci' IVdiii meta l ions. 
T h e who le cIlUiciu is t i t r a t ed wi th s t a i i d a i d lUy i 'A solut ion. 
T h e a m o u n t of me ta l ions a d s o r b e d by the e.\changei- was 
c a l c u l a l c d . T h e ion-exchanj»c ca i jae i ly for dilVerenl n ie ta l 
ions is r e p o r t e d in T a b i c 2. 
Thermal Treatment. T o e x a m i n e the el lect of d ry ing 
t e m p e r a t u r e on tlic i o n - e x c h a n g e c a p a c i t y tiie ma te r i a l s 
were hea ted at d iOeren t t e m p e r a t u r e s in Mul l l e T u r n a c e 
for 1 h. The i o n - e x c h a n g e c a p a c i t y for potass iuni ion a t 
dinereiil d r y i n g t e m p e r a t u r e s i.s g iven in 'J 'able 3. 
/iH-titralioii. p M - t i t r a t i o n s for samji le TBiN'I, was pe r -
f o r m e d by the ear i ie r n^ethod" ' us ing s o d i u m c h l o r i d e -
s o d i u m h y d r o x i d e sys tem. T l i e jiM t i t ra t ion cu rve is shown 
in Fig. 1. 
Chcmical Slnhilil_y. A 0 .5 g of the e x c h a n g e r m a t e r i a l 
{samjjle TB.M,) was e q u i l i b r a t e d witli 50 cm^ of the solut ion 
of ana ly t i ca l interest at r o o m t en i i j c r a tu r e (25±2 °C) a n d 
kep t for 2-1 h wi th occas iona l s h a k i n g . T i n a n d nu) lyb t l enum 
released in the so lu t ion w e r e d e t e r m i n e d spec t ro j iho iomel r i -
X a 
0.5 1.0 1.5 2.0 
nu ' ( |u iv . of C)11 ions (g) 
cally u.sing h e m a t o x y l i n ' " ' a n d lh l<Kyana l ( ' " ' as coloining 
r e a g e n t s res])eetively. Tlu: a m o u n t iil' bo ron releasetl in 
the solvent was t l e l c i in lned t i t i i nu - i r i ea lU ' - ' using sodium 
h y d r o x i d e as l i l r a n l . T l u ; results a r e s u m m a r i z e d in 'I 'ablc 
4. 
Chem cal Coni/wsition. For the d e t e r m i n a t i o n of chem-
ical compos i t i on of s a m p l e ' I ' l JM,, 0.2 g of exchanger was 
dissolved in hot c o n c e n t r a t e d hyd roch lo r i c ac id . T h e n the 
solu t ion was d i lu ted to 100 c m ' with wa te r . T i n and molyb-
d e n u m were d e l e r m i n e d . s j )cc l ro j )holomelr ic . i l ly" ' ' " ' while 
b o r o n is d e t e r m i n e d t i i r ime t r l ea l ly . ' - ' 'Fhe mole rat io of 
•Sn, B, a n d M o is fo tmd (o l ; l : l . 
Distribution Coejjicient. T h e d i s t r ibu t ion coefficient (A'j) 
for 24 m e t a l ions in d i l f e r en t .solution system were de te rmined . 
0 .5  of e x c h a n g e r in h y d r o g e n fo rm {150—200 mesh size) 
was t r ea t ed wi th 50 c m ' of ca t ion solu t ion in 250 cm ' 
E r l e n m e y e r flask. ' I 'he tnixli ire was then shaken for 6 h 
at 25 + 2 ° C in a shake r i n c u b a t o r . T h e ionic strengths 
of va r ious m e t a l ion solu t ions lies be tween O.OOOG to 0.0057. 
T t i c a m o u n t of ca t ion left in the solu t ion was theji deler-
m i n e d by t i t r a t i ng aga ins t the s t a n d a r d so lu t ion of E D T A . 
T h e K i va lues were ca l cu l a t ed a c c o r d i n g to the formula , 
= X 
w h e r e f is the v o l u m e of ED 'FA c o n s u m e d by the solution 
a f t e r e q u i l i b r i u m , / is the v o l u m e of l.''J.)'l'A consumed by 
the or ig ina l so lu t ion (i.e. before ec iu i l ibr ium) a n d W is the 
weight t)f ion e x e h a n g e r in j;. 
T h e results ol A',i \ 'a lues art- su inma i i/.etl m Table 5. T h e 
ad.sorpt ion of m e t a l ions was also s ludiet l at dill 'erent teiu-
j j e ra tures . ' I 'he ell'ect ol t e iu jx - ra t tue on A',, (values) arc 
d e s c r i b e d in T a b l e G a n d in I'ig, 2. 
Qjianlitotiue Se/uirc/ioux. For s e p a i a l i o n purpose the 
Fig. 1. ]>M t i t r a t ion c u r v c of t in( IV ) b o r a t o m o l y b t l a t e . c o l u m n was p r e p a r e d vising 2.0 g ol e.vchangei" (1 .50 -201 
TAIU.I', 2. ll)N l-.XCIIANC:!: CAl'Acri'V (me( | u iv . / d ry g) o r oti-i-i iiu-.N'r •riN(lV^  1 llASl'l) IDN i:xiaiANOi-,iiS 
I'OK VAHKUIS CA'riONS 
•Sample 
No. C a t i o n s Salt used 
l l y t l r a t e d r ad i i ' ' " 
A 
FBI',. I'B.S, •IH'F. I B M , 
1 l.i- i,ic;i G.!i 10 .0 0 .2G 0 . 18 0 . 3 7 O.Hl 
2 N a ' N a N O , G.U 7 . 9 . 0 . 4 2 0 . 3 3 0 .G2 0 . 9 0 
:i K' RCl G.ll 5 . 3 1 .10 0 .35 1 .30 1 .12 
4 Alg^ ' 6.2 10 .0 0 . 4 1 0.-12 O.-IO 0 . 5 2 
5 Ca'-^ C a ( N O , ) . , 6.2 9.G 0 . 5 4 O.'IO O . ' f l 0 . 7 7 
G .Sr" , S r ( N O , ) , 6.2 9.G 0 . 3 4 0 . 3G 0 . 2 1 0..1G 
7 l i a - ' l ! a ( N O , ) , G. 2 (j.)i O.'lll' ().:!5 0 . 4 I 0.G8 
H Cu'-1 C u ( N O , ) . , - O.'IO 0.91 0 . 28 0 . 7 9 
9 A l " A l ( N O , ) , - 0 . 2 3 0 . 2 1 0 . 2 3 0 . 2 9 
10 Fe-' • i ' 'eCf, 
. , -
O.G(! 0 . 7 2 0.01) 0 . 7 1 
'I'Alli.K 3. IvI-l'KCl I' o)' jjuviNO r jCMi'KKAi'uiij; ON iiiii lUN liXCJiANtJ-. (.Ai'Aci IV (mi '((iiiv./ilry g hir K') 
I'l) u •riN(IV) llA.Sl'.t) ION I'XCIIANCI.KS 
S a m p l e No. 'Femprc 'i'BI'.^ •FBS, 'I'B'F., •J 'BM, 
1 '10 1 . 1 0 (whi te ) 0 . 3 5 (wli i tc) 1 . 3 0 ( l ight yellow) 1 .12 (yel low) 
2 100 0 . 5 0 (whi le ) 0 . 3 3 (whi te ) 1 .20 (l ight yellow) 0 . 3 3 (yellow) 
200 0 .4G (whi te) 0 . 3 2 (whi te ) 0 . 1 9 ( b r o w n ) 0 . 2 2 (greenish yellow) 
4 300 0 . 4 1 ( l ight yel low) 0 . 3 1 (whi te ) O.IH (b rowni sh black) 0 . 1 7 (greenish) 
5 400 0 . 3 6 ( l ight yel low) 0 . 2 8 (yel lowish) 0 . 1 7 (b rown i sh black) 0 . 1 3 (grey) 
C 500 0 . 2 9 (yel lowish) 0 . 2 2 (yel lowish g r e e n ) 0 . 1 4 ( b r o w n i s h black) 0 . 0 8 (da rk grey) 
7 GOO 0 . 2 3 (yellow) 0 . 1 4 ( l ight g reen ) 0 . 1 3 (b rown i sh black) 0.0-1 (da rk grey) 
8 UOO 0 . 2 1 ' (grey) 0 . 0 8 (green) 0 . 0 9 (b rowni sh black) 0 . 0 0 (greyish white) 
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' L A I I I R 4 . C i i f M r c A L S T A n t L i T v o r SAMPLL ' I B M , 
S o l v c n l s 
T m d V l i c l c a s c d M o r e l e a s e d B i( l e a s e d 
S n m p l c N o ( i T i g / 5 0 c m ' ' ) ( m g / 5 0 c m " ) ( m g / 5 0 c m ^ ) 
1 W a u r 0 4 0 0 18 0 22 
2 0 1 ,no l (In. • • H N O j 0 55 - 0 54 
3 0 5 m o l d m - ' ' H N O 3 0 6 0 0 6 0 0 7 t 
4 I m o l d m - ' I f i V O j 0 . 7 0 0 75 0 8 J 
•) 0 1 m o ! d m • ' H C i 0 5 5 — 0 4 4 
6 0 m o l d m M r C ' l I 4 5 0 3 8 0 6 9 
7 1 m o l d m - ' ' H C I 1 . 5 5 0 6 i 0 
a 0 1 m o l d m - ' ] I C l O , 0 5 5 — 0 13 
9 0 5 m o l d m - M I C l O , 1 . 0 5 0 . 3 8 0 6 5 
10 1 m o l d m - " H C 1 0 « 1 2 0 0 . 9 1 0 91 
11 0 1 m o l t l m - ' H . S O , 0 8 0 - 0 6 7 
12 0 5 m o l d m - - ' H j S O . 1 4 5 0 55 0 79 
) 3 I 70 0 61 i 35 
14 0 0 5 m o l d m - " N a O H 3 15 0 75 1 52 
15 0 1 m o l d m - " N a O H C o m p l i i c ly d i s s o K i d 
16 0 0 5 m o l d m - ' K O I C 2 2 0 0 Gi 1 21 
17 0 1 m o l d m - M C O H C o m p l t t t l y d i s s o l v a l 
10 0 0 5 m o ! d m - " L i O n 1 5 5 0 60 0 78 
19 0 1 m o l d m - ' I . i O H C o i n p l c l c l y d i s s o h 1 d 
2 0 1 m o l d m - " K C l 0 0 0 0 0 0 
21 1 m o l d m - ^ N i N O , 0 4 0 0 18 0 42 
l A n i i 5 D i s i m n u i i O N c o i r n c u N r s ( m l / g ) 0 1 M l l A l I O N S O N I I N ( I V ) 
U O U A T O M O L Y U D A . T L ( S A M P U . ' I B M i ) A T 2 5 ± 2 ° C 
0 01 m o l d m - ' 
H N O , 
D i o x . u i e Diox . i i i c D i o x a i u 
S a m p l e M i t a l W a i n W a u - i W a l u 0 01 m o l d m - " 
N o . ion ( 1 - 4 ) (4 1) U N O , (1 I) 
1 W 9 ± 5 7 0 ± 5 8 0 0 ± 2 0 71 ±'•1 1 0 0 ± 5 
2 4 7 x 7 2 0 ± 5 r ^ 2 ± 5 3 6 ± 5 2 1 ± 5 
3 C u ' ^ 4 9 7 ± 1 2 1 0 ± 2 8 5 G ± 3 0 3 « ± 5 4 y ± 5 
4 M . i ' t 3 0 0 ± 5 7 I ± 5 3 0 0 ± 5 1 6 0 ± 5 1 0 0 ± 5 
Co' > I 6 7 ± 5 6 0 ± 5 182 ± 6 l ( ) l ± 5 6 0 ± 5 
6 Vo'< U.I i l O 7 y ± ' i ± 5 M 7 ' ' ) ± 10 f i i ± 5 
7 H g » ) l ' I O O i i 2 7 0 ± 5 3 0 5 0 ± 5 0 ! ( ) ) ± 5 1 1 J ! ± !5 
fl 7 . 1 ) ' 2 ' ' ) 7 ± 5 5 5 ± 5 8 9 ± 5 9 9 ± 5 0 2 ± 5 
<) I ' l l " 2 1 ' ) O O j . 2 1 ( ) 245 ± 5 7 1 3 ± 2 0 257 ± 5 2 1 0 0 ± 4 t 
1 0 C d " 2 ! i ' K K ) x K ) 0 1 5 2 ± 5 ! I 8 ± 8 52 ± 5 V ) ± 3 
11 C a " 8 0 0 ± 2 0 1 5 J ± 5 i 8 0 ± 5 (80 ± 5 1 7 0 0 ± 1 i() 
12 1 0 t ± 5 2 6 ± 5 M 5 ± 5 7 8 ± 5 2 9 ± 5 
n Ba ' t - 5 0 0 ± 2 0 5 8 ± 5 1 4 0 0 ± 5 0 6 5 0 ± 0 2 5 ± 5 
14 2 0 0 ± 5 1 4 0 ± 5 1 0 0 ± 5 2 0 0 ± 5 2 0 ± 5 
15 APi - 3 0 0 ± 5 1 0 8 ± 5 1 3 0 ± 5 1 1200 ± - 1 0 1 3 6 ± 5 
16 Zr '^- 1600 ± 2 5 1 5 5 0 ± 2 0 1600 ± 5 0 4 1 0 ± 5 1 1 7 5 ± 3 0 
17 2 5 0 0 ± ' i 2 1 6 5 + 5 1 2 2 5 ± 4 2 1 1 2 2 5 ± 1 5 4 4 0 ± 5 
IB 171 ± 5 3 j ± 5 2 0 9 ± 5 152 ± 5 3 2 ± 5 
19 2 6 5 ± 5 9 0 ±5 1 i 3 ± 5 71 ± 5 1 0 5 ± 5 
2 0 n 5 ± 5 n 2 ± 5 1I5±5 G 7 ± 5 I0!±5 
21 N < n ' 5 H 5 ± I 2 1 0 2 ± 5 2 2 9 ± 8 6 7 ± 5 1 0 4 ± 5 
22 S n P ' 5 6 0 ± 1 1 4 5 0 ± 1 0 1 3 2 ± 5 2 I 0 ± 5 2 0 9 ± 5 
2 1 r r ' 5 a o ± i 5 3 9 0 ± 8 1 5 6 ± 5 9 7 ± 5 4r2±5 
2 1 L a - " 6 ' ) ' ' ) + 1 4 4 2 0 ± 1 0 3 0 6 ± 2 0 76 ± 5 9 7 ± 5 
2GIG ASJUAO NAUI / I I M ihnuKxl SIDDIQI, IIUL \\ I| ILI IL LLNI II I \ IU>UNI (Vol V), No 
I AMI I 6 1)|S I KIIIU 1 ION ( Ol I I l< IT N IS (llll/l,) ()l Ml I Al 
lONb ON UN(IV) 1U)1!A10M01 MUlAll (lliNf,) IN 
0 005 lliol dill •  HNOj A I UIIIIMNi II Ml I l> MUKI 
ani]) lc 
N o 
M i l il 
ions 
2 2 ± l C 50 i 1 X 7 5 ± 1 O 
1 5 7 ± 5 1 5 7 ± 5 I G 3 ± 1 2 
2 Te-i^ 53 ± 5 G2 + 5 1 0 0 ± 5 
3 C u ^ 4 9 ± 5 1012 + 5 0 9 1 b 0 ± i y 0 
4 M i i ^ ' 107 + 5 7 0 0 ± 1 0 2 9 0 0 ± 0 1 
C o - ' 1 <)()!! J . 52 1 ( ) ! 1 0 1 1 5 ( ) 
b V u ' - b O l ' ' ) I U , ± 5 1 U . i 5 
7 l l y - ' I 0 ± 2 1 7 J . 5 5 1 1 5 
8 1 1 2 ± 5 5 0 7 ± 5 2 3 2 8 1 15 
9 P b - + 1900 + 5 0 2 1 9 0 0 + 1 7 0 4 9 9 0 0 1 2 0 0 
10 C d < 1 H 1 ± 5 1 0 a 0 ± 5 0 J 9 I 3 ± G 0 
11 C i - - 109 ± 5 1 1 0 0 1 2 2 i 100 ± 5 0 
12 M i ; - ' 75 ± 5 ( / ) 7 ± 1 0 i 0 1 j b ± 8 1 
13 H 1-' ! 0 0 j . 5 0 5 0 1 1 2 i 0 5 0 ± 8 0 
14 C e ' 150 ± 5 5 2 0 1 0 1 1 ! l 10 
15 A P + 5 0 ± 5 73 + 5 4 2 0 ± 5 
16 5 3 ± 5 fa28±5 7 5 0 ± 5 
17 T h ^ ' 1 5 2 ± 5 5 8 2 ± 5 4 3 0 ± 5 
18 109 ± 5 8 0 0 + 20 3 1 0 0 ± 8 0 
19 8 0 ± 5 5 0 2 0 ± 1 4 5 2 5 5 0 0 ± 1 0 3 
2 0 n 7 ± 5 6 1 2 0 ± 1 2 0 3 2 5 0 0 ± 1 4 5 
21 Nd-i^ i 2 0 ± 5 8 1 0 0 ± G 0 1 2 2 0 0 ± 2 1 0 
22 L T " 5 2 7 ± 5 1 3 7 0 0 + 1 5 0 0 8 9 0 0 1 i 2 0 
23 2 2 5 ± 5 1 2 9 0 0 1 1 35 0 1 9 0 0 1 510 




1 h- B . A l -
9 . Fe^* 1 0 - L a ' * 
liu 2 
40 50 60 
1 cmpciatuic/'C 
I'lol vs U iii])ci<auic 
incili su(.) m l i ) d i ogu i loiin in i j^lass Uib( ol i i iUiii il di.iiii 
eur 0 G cm m t ich case A luixluic ol mi.l il ion soluliuii 
uai applied on (h<. COIMIUII 1 lii. boliilion w ib allowed (o 
/louduwii V( I) slimK lliniui,li (li< <iiliniiii is i i Mill until 
ions aic idsc)il)(tl i( llii IN)) ol ( \I li IIIL,< i hi d leu iiuiii; null il 
/oni I I k Kiliiinn wis N s i s l i i d wilh u ilc i 1 lu intt il 
loiib W(.ic iIKII (luiitl lis i|ipi(i|)i I lU (luimu; u it;inl I lii 
How I lU ol ( llliu III w IS 11 mil uiH d 1 1 I III' mill ' ihiuiiglioul 
Uii, tlulion pioc(si 11K cllhuiil u is collccled in 10 cm' 
fi ictioiii and lili ilul wilh 0 002 niol dm ' LI) 1 A sokilioii 
Icn inipoilHU St p M itioiis o( iiicl vl ious> havi. been quAii 
titaluel) aeliK\id I lie ilulion (ui\o foi e icli ict of scj) 
ai Uion aie shown jn 1 ii,'s 3( i)—(e) 
Rebitlts •11x1 Discussion 
J . ible i l.i i() ) e c i ( i c i i b ( IIK (JICJJI.ilioiii <jl i i ittipki 
ol t i n ( I V ) sails ol d i l k m u l ie iLiopolyaiuon!> under 
idcn l i ca i coiul i i io j is Jon ( \ c l n n t ( e t a p i c i i y of tadi 
sai i iple i h lb b e i n eo inp i i e c l w i lh smi^le bi l ls [)l(,paied 
un (k i l lu su iu coiul i i io i is l i h i s Ikcii obse ivct l lhal 
ca] ) . ic i ly ol chjuble sill;, is hiL,lui ih in ihe single sails 
Will i IIk ( \ e i p i i ( ) n (il l i i i ( I V ) boi Uopl iosph l ie and 
l i n ( l V ) .USUI i loboi lU A n i i iU i e sd i i g l e . i lme li 
c i n e i g cd w h e n l i n ( l V ) bo i a l o su l i a l c is c o i n p a i c d with 
t i n ( I V ) sulfate, the lattei has <i neg l i g ib l e lon-cxchangc 
capac i ty (0 17 m e q u i v / d i y g ) M o i e o v e i the capac 
ity IS s igni f icant ly in t i eased loi sample l l i S i (0 55 
m e q u i v / d i y g ) I t is i m i j o i t a n t to note that mixing 
v o l u m e I a l i o o f d i f re tcnt eompone iUs a f f ec t ihc ion 
c\eha i ige capac i t y ol the l inal ] ) i oduet A l s o in tlii. 
case ol i n i ( l V ) b o i a i o m o l ) bd He (he e-vehatige eapac 
ity beeomcs almost two t inus is high as the exeli.ingc 
capac i ty ol single s i l l s n i m e l y i i n ( l V ) m o l y b d a l e and 
i m ( l V ) b o i a t e p i e p u e d undei the same conditioiib 
i h c oi t le i ol loii-i \ch i i ige e i j ) u i t ) ( loi Iv*- ions) for 
l i n ( l V ) s i l l s 1)1 d i l l en nt lu U i opi)l> iinuiis is .is lul 
lows 
lin(IV) boi ilolungsl lU ( 1 B I J > 1 ui(l V) boialo-
n tui) u ^ \ A iJi^ii / ^ •» lu^ i V J I 1 
>lin(IV) aibenUoboi lU ( 1 1!A,, lliA,)> lin(lV) 
boialObullaU (IBS,) 
Results ol l a b k 4 show that l i i i ( l V ) bo ia lomolybdai i , 
lb qu i te btable in w a t a , h y d i o e l i l o i l e ac id , peiehloiic 
ac id, n i t i i e aeii l , suHiiiu leitl and m ( o m m o n sails 
ol n i o d c i a k coneei i l i it ions 1 his i i i i t e i i a l a i ) p i e i n 
bly d isboKis in 0 0 1 mot d m ' solutions of L i O I l 
N a O l l , and K O I L on p i o l ong i 1 shaking 1 he iin 
t e n d lb i p p i n i i l l > si ibli iii \ u loub e o m m o n o ig in i i 
so lv tn ls hki H i l o n i d ios iiii t l h i n o l , u i t d ( M i ) d i 
l o i m i e ae id , .i<<lie leid l i i l m e K id, .uid e iHK aeul 
l i n ( l V ) boi i l on i o l ybda te is u I u iv i ly m o i e chemical 
ly btable lli in t i n ( l V ) m o l y b d iii p i e p a u d e i iJ ie i 
Results ol 1 .iljle '2 sl iow ih it tin e\t h mgc capaeil) 
ol all the eompou i ids i i i e i e i s i s w i th the dee iease iii 
h y d i a t e d tadi i 1 he ion e\eh uige c. ip. icity followtd 
the o ide i K ' > N a ' > L i ' loi .lik di i i ielals l l oweve i , 
loi a lka l ine l a i l l i s llu i \< h mg i ( a| ) a i i i y l emai i i s al 
most llu SUIU IS h ) d i lUd i idii d o iiiil v i i ) ippuei 
ably 
It lb a i ) p u e n t l i o m 1 abli 5 ih it i m ( l V ) boi.ilo 
phobphaK, t m ( I V ) boiatobul late , t m ( I V ) boiatonio 
lybd. i te , aiul t m ( l V ) boi itotuni^st Ue loosi ion exeh iiijjc 
c a j j i e i t y as the i l i y m g U i i i p i i a i U K ol die m.iteiial 
lb bubset|ueiitly i i u u i s t d l l u i h c i m d st ib ihty of 
these m i t e i i i l s can be up iebe i i t e i l m tlu ou le i 1 
August, 1982] 'I i n ( l V ) S a i l s of Difreicnt I I c l c i o p o l y a n i o n " ; as I o n - c \ c h a i i g c M T t c i n I s 
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N'OIUMH ()1 ((Ihu nt/TIN'' 
F i g . 3 ( c ) . S c p a r a l i o n of S i ^ ' - ' Z i " ' a n d 
lliP,>inM,> nrr, ll is ohsdVdl h o u c v c i , m the 
(.is( o( ( m ( ( V ) l)()h.U(isuli.\li, llu i iuu. is ini^ lciii|)('i a-
t i i ic (l(5is )u)l . i l lecl llic ( . i p . u i i y sinnilic .ui l ly 1 iii-
( I V ) boi atolvmi^'statc and i i a ( l V ) l ) ( ) i . i i o ino lyhd. i tc lost 
tlicit cxc l i angc capac i ty m o i c ih.iu 70'X, w l i t n tlicii 
<liyi i i ( ( t c in ] )c i . i ( i i i c iiicitasc-d (o 100 'CI I lie c . ipac-
i ly fails LO a IK j;li)^il)lc va lue WIK II llu d i ) m u ; ICIA-
p c i a t u i e IS la iscd ii|)to 5 0 0 ' C I (0 OH incc [u i v/d i y i; 
foi l i n ( I V ) b o i a t o n i o i y b d a i c and 0 I t n i c q u i v / d i y g 
f o r t i n ( I V ) bo in lo t i inqs ia t c ) T ) ) i s m a y be due to 
convers ion o f ma t c i i a l into their o\id(.s as is also in-
d i ca ted by then colors at these ti in|)ci ntvii cs T i n -
( I V ) boi atott im;sta(c is ino i e t h c i m a l l y stable than 
t i n ( I V ) tungstate '^ ' and also t i n ( l V ) b o i a t o i n o l y b d a t e 
is m o i e stable than i i n ( I V ) m o l y b d a t e T i n ( I V ) 
bo ia tosu l fa te and t i n ( I V ) bo t a t ophospha t e le ta in ti ieir 
ex rhant j e ca [ )ar i ty lo a i^uMlei extent 1 lie c . ipac i ly 
at bo ia tosuKate tcinaii is aJtnost (he safiic up to JOO 
° C . ' l i n ( l V ) bo i a t ophospha t e and t i n ( l V ) bo ia tosu l -
2 6 4 8 S>cci ASIIRAD NADI, Z i a M i h i n o o d SIDDIQI, a n d W a j a h it U m a i ] AROO^ II [ V o l 55, N o 8 
fa te can be conven i cn i l y used as ion <.\cliangeis even 
w h e n the (h N nii; teni j i i l a l u i t !>> i.tisec! up to '•)()() ° C 
l I oNveve i , when these n ia l cn il i (c lued at 10 C") . lu 
heated at ' ) ' ) ± ' ) ' ' C in the p u s i n c e ol wate i no loss 
in ion-e\ehanL;e eapae i t ) is ohse ived in all the eases 
p l l t i t i a i i on cu i\e (1 ig 1) (oi N i C l - N a O l l sys-
t em ind icates two b icaks in the eu i v e showing the i ehy 
that t i n ( l V ) b o i a t o i n o l ) bdate behaves as a bi lune-
t ional weak cat ion cxchange i 
I t IS c lcai f i on i 1 ab le 5 thai values ol chsii ihi i t ion 
coefTicients v a i y w i th the compos i t i on <uul na i i iu oi 
so lvent system 1 he A',, values o f meta l ions a io d ( -
crcas ing m g e n e i a l w i th the inc iease in d i o\ane eon-
tent o f the m e d i u m 1 he inc ieased amoun t ol di-
o x a n e m d io\ane-\vatc r system deci eases the d ie lec t i i c 
constant and thus decieases the A j va lue 1 his is 
p r o b a b l y due to the fart that the ions of an c l c c l i o i y t e 
a i e m o i e l om/cd in a solve ni ol u l a d v c l y hn;h di-
c l e c t i i c constant H o w e v e i , .i dc lu i i l i ( o i u h i s i o n eaii 
on l y be d i a w n in the ] ) i es ine i ol o t lu i t\|)( i i inental 
da ta A n inc icasc m the A'^ va lue lot most me ta l 
ions arc also o l j se i ved as one goes f i o m p u i e d i lu te 
ac id ( O O l m o l d m " ' ) to m i\ tu i c ol d i o \ a n e | 0 01 
mo l d m " ^ U N O , in I I v o lu im i . i l io and the nuieasc 
m the p l l ol tin solvent e u i s i s l i i g lu i adso ip i i on 
o f i i ietai ions as i x p c c t n l 
A study ol the adso ip t i on ol meta l ions on t i n ( l V ) 
b o r a t o m o l y b d a t e at d i f f e i en t t empe ia tu i e s levea ls that 
e x l c n l o f a d s o i p n o u incieases w u h the inc iease m 
l e n i p e i a t u i c ( J . i b l i 6 ) ] luis A j values a i c l ound 
to be highest in 7 j ± i ' C l i o m 1 ig 2 it ean be 
c onc luded that the A j va lue lot qu .uh i va l en t and 
rare earth me ta l ions mci eases sha ip ly b e l o w 50 ° G 
and t lun s l o w h . i l i i i ihis l u n p i i a l u i c 
11K sequene i ol A , values ol soini i inpo i tant n u t a l 
ions in i l i l k i t n t s oK i i i t systems and at d i l l i i e n l tem-
p e i a t u i e s on t m ( l V ) b o i a t o m o l y b d a t e ean be shown 
as f o l l ows 
W a t e r I h ' ^ > Z i " > l I ' ' > N d ' •> 
P I - " O D > 
0 01 ino l d m ' U N O , > 
I h ' 
lie)-' 
D i o x a n c W a t e i 
(1 4) 
D i o \ a n e W i t e i • > C e ' 
(1 1) P, 1. > N d " > L a " ' > l l o ' 
I ) ) ' 
D i o x a n e 0 01 ino l d n r Z i ' t > S n i ' 
U N O , N d ^ " > L i ' " > 
(1 1) Ce 
0 0 0 5 n io l d m -i U N O , P I " > L a - ' ^ - > N e l - " > S m ' ' • > 
( 2 2 ± 1 " G ) l b > ' > n o i ' > 
/ i " 
0 0 0 5 ino l elm •• i l N O , J , a " > S m " > N d i 
( 5 0 ± r c ) Ho--
G e ' t 
> I h " > 
0 0 0 5 ino l d m - M l N O , La^ t > S i n " ' > N d ' ' 
( 7 5 ± l C ) I f o ' -1 > 
i l l " 
T h e so ip t ion studies on t m ( l V ) boi i t omolybda ie 
foi ehdeie i i t me t i l ions i (\c il in iny i m p o i t m t se|)-
a ia t ions As .i usu l t li n h i n u ^ s e p i i i l ions e)l ,ui-
a l y t u a l and i iuUis l in l n n p o i t u i K h i v e been adiievecl 
sueei sslully on sni ill i i i lumns ol ( n i ( l V ) boi a ton io l ) b-
date ( I igs 3 ( a ) — ^ ( e ) ) b e p u a l i o n ol i i on f i o m cop-
pei ni.iy be u l i l i/ id m the i e m o \ i l ol i io i i impui i t ie i 
f i o m e h a l e o p y i i i e ( O u l lS.) .IIKI Bo in i t e (Cui^reS j ) oie'i 
In the de tei m m a t i o n o f t ho i i um as oxa la te good 
sei^aiation f i on i / i i e o m u m e ui not bi aeh ieved he-
e.iuse ol the possible lueli i i ion ol / i i e o m u m Zi i to -
n ium also sei iously mte i l e i e s jMobab ly in all the spec-
ti o p h o t o m e l i le d e t e i m i n u i o n ol t ho i i um by vaiunii 
c o l o i i n g l eage ius sueli as tho ion , d in i t i o soch i omo l i op -
ic ac id , q u e i e e t m , S P A D N , and l ) i S N A D N S 
" I h e i e f o i c co lumns ol t i n ( I V ) boi a t omo l ybda t e can 
be conven i en t l y used lot sepa i .Uing / i i e o m u m iinpii-
l i l ies p i i o i to IIK d e K i m m i l i o i i ol tho i ium l i i i ( l V ) 
b o i a t o m o l y l ) d a l e e m ,dso be u l ih/n l loi the leeove iy 
o f / I i e o m u m l ice t ho i i um l i o m thcji ianUe 
T h e autho is .ue thankful to P i o f W Ral i iuan, 
H e a d , D e p a i t m c n i ol C h e m i s t i y loi |)ioviclmg ic-
se.i ieh laeihties ( ' S I R , N e w Delhi is also ae-
know Ic dgecl loi Im me i il assist uic i lo one ol us ( Z M b ) 
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Separation Science and Technology 
Exploring the range of separation phenomena, Separation 
Science and Technology reviews the newest concepts and tech-
niques for deaUng with problems encountered by professionals in 
this rapidly expanding field. It gives authoritative and critical at-
tention—through notes, articles, and reviews—to a wide range of 
topics, including separation theory, ultrafiltration, chromatography, 
electophoresis, foam fractionation, flocculation, solvent extraction, 
field-flow fractionation, ion exchange, adsorption, sedimentation, 
reverse osmosis, zone melting, thermal diffusion, multi-stage pro-
cesses, actinide separations, water purification, biochemical frac-
tionation, and mineral separation. The interdisciplinary coverage of 
Separation Science and Technology enhances and supports the ef-
forts of researchers in biology, chemistry, engineering, and other 
fields, and will appeal specifically to analytical, physical, and poly-
mer chemists; biochemists; chemical and mechanical engineers; 
environmental scientists; biologists; and colloid scientists. For 
these and other professionals. Separation Science and Technology 
offers the finest forum for probing the essence of separation phe-
nomena. 
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Abstract 
Stannic selenoarsenate has been synthesized by adding 0 05 Af sodium selenite and 
0 05 M sodium arsenate to a 0 05 Af solution of stannic chloride in a volume ratio of 
1 1 1 at p H I A tentative structure has been proposed on the basis of chemical 
composition, p H titrations, and infrared and thermogravimetric analyses Distribu-
tion coefficients of several metal ions have been studied in hydrochloric acid, citric 
acid, ammonium citrate-citric acid, and water-dioxane systems The unusual 
adsorption behavior of uranium has been utilized for its quantitative separation from 
several metal ions 
INTRODUCTION 
We have reported some of our results in an earlier paper regarding the 
synthesis, ion exchange properties and few applications of stannic seleno-
arsenate (i). The differential selectivity of metal ions and separation 
potential for pairs of metal ions has prompted us to explore the utility of the 
material in the field of separation science in detail. Keeping these views in 
mind, distribution coefficients of important metal ions have been determined 
in diverse solvent systems. As a result, a number of binary, ternary, and 
quaternary separations of metal ions have been achieved on columns of 
stannic selenoarsenate. Uranium has been selectively separated from a 
number of metal ions. Infrared and thermogravimetric studies have been 
1681 
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performed to characterize the ion-exchange material. The following pages 
summarize our results in this direction. 
EXPERIMENTAL 
Reagents. Stannic chloride pentahydrate (Reachim), sodium selenite 
(B.D.H.), and sodium arsenate (E. Merck) were used for the synthesis. All 
other chemicals were of reagent grade. 
Apparatus. Spectrophotometric studies were performed using a Bausch 
and Lx)mb Spectronic 20 colorimeter. Perkin Elmer model 137 spectro-
photometer and Stanton thermobalance type H4 were used for IR and 
thermogravimetric studies. 
Synthesis. Stannic selenoarsenate was synthesized by adding an 
aqueous solution which was 0.05 M in sodium arsenate and 0.05 M in 
sodium selenite to a 0.05 M aqueous solution of stannic chloride at pH 1 as 
described in our earlier paper (7). 
IR Studies. IR spectra of stannic selenoarsenate in the H"*" form, dried at 
different temperatures, were recorded using the KBr disk method. 
Thermal Treatment. Thermogravimetric analysis of the material in the 
H+ form was performed at a heating rate of 10°C/min. 0.3510 g of the 
exchanger was taken for this purpose (Fig. 1). 
Distribution Coefficients. The distribution coefficients of several 
metal ions were determined in different solvent systems by the method 
described earlier (/). The results are reported in Table 1. 
Quantitative Separations. 2.0 g of the exchanger in the H+ form 
(150-200 mesh) was filled in the column (0.60 cm i.d.) with glass wool 
support. The mixture of the metal ions was poured into the column and 
allowed to be adsorbed. The metal ions adsorbed by the exchanger were then 
eluted with appropriate eluting agents. The flow rate of the effluent was 
maintained at 1.0 mL/min throughout the elution process. The metal ions in 
10 mL fractions of the effluent were collected and determined by standard 
methods. The separation of metal ions achieved on the columns are reported 
in Table 2. 
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FIG 1 Thermogram of stannic selenoarsenate m H"*' form 
DISCUSSION 
A comparison of the IR spectra of stannic selenoarsenate in the H"*" form 
(dried at different temperatures) with stannic arsenate (2) and stannic 
selenite (3) shows three strong peaks in the 800-900, 1600-1650, and 
3000-3600 cm"' regions The broad peak in the 3000-3600 cm"' region 
with a maximum at 3500 cm"' is characteristic of water of coordination and 
OH groups The second sharp peak in the 1600-1650 cm"' region with a 
maximum at 1620 cm"' may be due to water of crystallization The third 
peak in the 800-900 cm"' region may be attributed to selenite and arsenate 
groups (4) However, the drying temperature has no effect on the nature of 
the spectra of stannic selenoarsenate up to 500°C 
The thermogram (Fig I) of stannic selenoarsenate when compared with 
stannic arsenate (5) a shows continuous loss m weight (7 5%) up to 200°C 
which may be due to the elimination of external water molecules The loss in 
weight from 200 to 350°C may be assigned to the removal of water 
molecules by condensation of OH groups This process is complete at 
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O O 2 - ro ^ o § m 
O -o O a 
e 
e E e o-
o 
a. tn o -O o " 
(N 
S X o. 
S •o" o a 
" II ^ K a 





_ <J o X o 
^ 




r^r rn ro <N irT vo —fs" t-T ro co oo" i--'" \o 
Os^  ON vc? <N Tt 00^  —^  00^  00 vo^  vq rr rf ON r*^  u-T ro r-" <N '!t <N fO fO 00 t-" ^ Tj-
r-; <N 00^  rr 00^  ri Th" csT (N" 
<N O O O O — wvN o O <3 o in o M? rf ro fO oo" 
OS VO vo o O ^ vO O O ^ ^ PO ro O CNT OO" 
ON O <N O O O 0 0 * ^ 0 0 0 ro <N m 00 rf^  
(N (N r^  o "'d' <N r<) r<i 
r- 8 <N S 00 00 o VO 8 VD g 00^  —H -a- r^  ON 
Kn (N Tf 
IT) r- o <N s § o o o IN lO 8 00^  lO a\ •"t ON tn 
Q o O O 
^ vo^  V© -H t-T fo fo 00 vo to to lO »o 
I -M to O I ON r-- OS 
»0<N^OfOvoO<NOOO^ 
I rt — <N 
W-) lO vo <S <N fN 
fNtNvOO'^ t^ — OOf^ f^ O f^ -jr-voo-^ r— iOfor-Tto "^t <N — Tf 
ooot^'ooovrj'or^'socs 
T f r ^ c N i o ^ - H - H , — —( 
(N O o m OO o o ON o O «o 00 OO o cn ro o r- CM r- OO o o o ON er> (N 
•o' (N vo" (N 
Tl- Ol <N (S IN (N 
OOOOOQOOfO^QOrO 
ro rn ON 00 ON^  fN fO —^  VO 
^ rO --




STUDIES ON STANNIC SELENOARSENATE II 1685 
T A B L E 2 
Separations of Metal Ions on Stannic Selenoarsenate Columns at Room Temperature 
Total 
Amount Amount elution 
Metal ions loaded found volume 
Sample separated (Mg) (MS) (mL) Eluent used 
1 NI2+ 211 3 220 60 0 05 M citric acid 
Mg2+ 320 7 320 2 70 0 01 M citnc acid + 0 05 M HCl 
Cu2+ 609 673 80 0 05 M H C l 
VOl+ 2000 2100 40 0 5 T r^ HCl 
2 NI2+ 211 03 215 5 60 0 05 M citric acid 
Mg2+ 320 320 5 70 0 01 M citric acid + 0 05 M HCl 
1203 nil 60 0 05 M HCl 
uoj+ 2000 2030 40 0 5 MHCI 
3 NI2+ 211 3 219 6 60 0 05 M citric acid 
Mg2+ 320 320 2 70 0 01 M citric acid + 0 01 M HCl 
Pb2+ 2152 8 2082 50 0 01 M citric acid + 0 05 M HCl 
U O i + 2000 2000 40 0 5 M HCl 
4 N i ' + 211 3 220 2 60 0 05 M citric acid 
Ba2+ 823 8 905 40 0 01 M citric acid + 0 05 Af HCl 
u o r 2000 2100 40 0 5 M HCl 
5 Ni2+ 211 3 2 1 9 8 60 0 05 M citric acid 
Ca2+ 384 388 30 0 01 M citric acid + 0 05 M HCl 
u o r 2000 2100 40 0 5 Af HCl 
6 211 3 220 60 0 05 M citric acid 
Zn2+ 1587 1640 60 0 01 J^f citric acid + 0 05 M HCl 
2000 2100 40 0 5 M H C I 
7 NI2 + 211 3 219 60 0 05 M citric acid 
Cd2+ 1775 1585 60 0 01 Af citric acid + 0 05 Af HCl 
2000 2100 40 0 5 AT HCl 
8 NI2+ 211 3 2 1 9 6 60 0 05 AT citric acid 
Mn2+ 638 620 30 0 01 M citric acid + 0 05 M HCl 
uo|+ 2000 2100 40 0 5 Af HCl 
9 211 3 221 2 60 0 05 Af citric acid 
Sr2+ 841 860 30 0 01 M citric acid + 0 05 AT HCl 
U O ^ 2000 2100 40 0 5 Af HCl 
10 1531 1387 40 0 05 M citnc acid 
uor 2000 2100 40 0 5 Af HCl 
11 A|3+ 280 251 60 0 05 Af HCl 
2000 2100 40 0 5 M H C I 
12 V 0 2 + 510 494 80 0 05 Af HCl 
3000 2600 40 0 5 Af HCl 
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400°C, and the weight becomes constant in the 350 to 400°C region. A 
weight loss is again observed in the 400 to 550°C region which may be 
attributed to the loss of selenium by vaporization along with the removal of 
water molecules due to condensation of the second type of OH groups. The 
weight again becomes constant in the 550 to 600°C region indicating 
complete vaporization of selenium. The capacity of the material at 550°C 
almost coincides (0.50 meq/g) with that of stannic arsenate (0.52 meq/g 
dried at 600°C) (2). The further loss in weight above 600°C may be due to 
the loss of water molecules by condensation of the third type of OH groups 
along with the loss of arsenic by vaporization. A similar behavior was 
observed by Costantino in the case of stannic arsenate where arsenic is lost 
as arsenic pentaoxide (5). 
On the basis of chemical composition, pH titration curves (reported in an 
earlier paper), and thermogravimetric and IR studies, the following formula 
is proposed for stannic selenoarsenate: 
[SnOz • H2ASO4 • HSeOj],, • IwHjO 
if it is assumed that the weight loss (7.5%) up to 200°C is due to the removal 
of external water molecules. The number of water molecules per molecule of 
the exchanger corresponding to this weight loss is 2 as calculated by the 
method given by Alberti et al. (6). Further, if it is assumed that only one H"*" 
ion is exchanged at pH 6.5, then the theoretical ion-exchange capacity 
calculated from the above formula is found to be 2.0 meq/g, which is in good 
agreement with the observed values (1.8 meq/g from pH titration curves and 
1.44 meq/g by column operation). 
The values of distribution coefficients of metal ions in several solvents are 
shown in Table 1. ^^ values in general are lower in 0.01 Af HCl compared to 
those determined in 0.01 M HNO3 (I). This effect is quite prominent in the 
case of rare earth metals. On comparing K^ values of rare earth metals in 
pure water and in dioxane-water, one can conclude that K^ values are 
significantly decreased in the mixed solvents. A comparison of K^ values in 
pure water and aqueous solutions of citric acid reveals that K^ values for 
alkaline earth metals and rare earth metals are generally higher in citric acid 
systems. However, K^ values for transition metals arc found to be higher in 
pure water. It is also observed that with an increase in citric acid 
concentration, K^ values increase in general. It is interesting to observe the 
adsorption behavior of metal ions in 0.01 M citric acid and in a mixture of 
0.01 M citric acid and 0.01 M ammonium citrate. The presence of 
ammonium citrate in the system increase the Kd values of the metal ions with 
the exception of AP"^ , Cu^ "^ , and Th''+ which show the reverse 
behavior. However, the uptake of rare earth remains .unaffected. 
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The utility of the material has been demonstrated by achieving a number of 
binary, ternary, and quaternary separations of some important metal ions as 
listed in Table 2. Stannic selenoarsenate shows exceptional behavior toward 
the UO2''" ion. The unusual selectivity for the UOj"^  ion can be advan-
tageously utilized for its selective separation from a large number of metal 
ions. The minimum amount of UO^ "*" ion that can be recovered from the 
stannic selenoarsenate column was found to be 200 jug. The amount of 
uranium in many uranium-containing ores varies from 0.002 to 0.013% with 
an average of 0.008%. This low amount of the uranium in ores can be 
determined using stannic selenoarsenate columns. The separation of uranium 
from aluminum and nickel can be used for the determination of uranium in 
nuclear fuel alloys; for example, uranium-alummum alloy and uranium 
stainless steel alloys. 
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